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An object of the present invention is to provide a probe for
imaging a f-sheet structure protein which can be used for the
diagnosis of conformational diseases, particularly disease
(tauopathy) having a cardinal symptom such as intracerebral
accumulation of tau protein, for example, Alzheimer’s dis-
ease. Another object of the present invention is to provide a
compound which is highly specific to tau and can image tau
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Fig.9
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1
TAU IMAGING PROBE

TECHNICAL FIELD

The present invention relates to a probe for imaging a
[-sheet structure protein which can be used for the diagnosis
of conformational diseases, particularly disease (tauopathy)
having a cardinal symptom such as intracerebral accumula-
tion of tau protein, for example, Alzheimer’s disease.

BACKGROUND ART

In Alzheimer’s disease, it is known that the accumulation
of'senile plaque containing amyloid beta-protein (hereinafter
referred collectively to as AP) as a main component and of
neurofibrillary tangles containing hyperphosphorylated tau
protein (hereinafter referred collectively to as tau) as a main
component proceeds to the degree that it cannot be treated,
when the people around the patient or the physician notice the
specific clinical symptoms of the disease. In other words, if
the current diagnosis of Alzheimer’s disease is compared to
that of cancer, it is detected only when it has reached the end
stage.

Recently, it has been revealed that even in the case of the
extremely early stage of very mild Alzheimer’s disease that
corresponds to mild cognitive impairment (MCI), which is
considered as partly precursor state of Alzheimer’s disease,
autopsy samples show the accumulation of many AP and tau,
and the state is pathologically almost Alzheimer’s disease.
Therefore, in Alzheimer’s disease, the histopathology is
manifested far before the symptom of memory loss appears.
In other words, there is a quite large difference between the
histopathology and clinical picture of Alzheimer’s disease
(so-called difference between pathological Alzheimer’s dis-
ease and clinical Alzheimer’s disease).

As illustrated in FIG. 1, the accumulation of Af is consid-
ered to start 10 or more years earlier than that of tau in the
brain of Alzheimer’s disease. As is apparent from FIG. 1,
since the tracing of A was considered most appropriate in
order to diagnose Alzheimer’s disease in the extremely early
stage or before its’ development, almost all PET probes for
the diagnosis of Alzheimer’s disease were so-called probes
for amyloid imaging to trace AP from the 20th to 21st century.
At first, [''C] labeled probes were mainly used, but after-
wards, the development of [**F] labeled probes that have a
long half-life and are easily used in the clinical setting has
been attempted. FIG. 2 illustrates the examples of probes for
amyloid imaging that have been developed until now.

In the beginning of 2002, images showing administration
of PET probes for amyloid imaging to Alzheimer’s disease
patients were introduced for the first time in the world (refer
to Non-Patent Document 1). The team of Barrio et al., UCLA
got the honor of this, and the probes used were [**F] FDDNP.
Afterwards, however, [''C] PIB developed by General Elec-
tric, University of Pittsburgh, which has probably now been
used for more than 1,000 clinical cases, became the main-
stream of probes for amyloid imaging (refer to Non-Patent
Document 2).

Many researchers assumed that amyloid imaging in the
diagnosis of Alzheimer’s disease would be a so-called versa-
tile diagnostic method that enables the diagnosis of the dis-
ease with high sensitivity and specificity, as well as early
diagnosis, differential diagnosis, diagnosis of severity (or
progress), and preclinical diagnosis (so-called detection of
presymptomatic high-risk individuals).

However, as clinical research progresses, issues were
appearing gradually in the amyloid imaging, which was con-

10

20

25

30

35

40

45

50

55

60

65

2

sidered as versatile diagnostic method. These issues are
explained by taking [*'C] PIB as an example, as follows:

First, diagnosis of severity (or progress) is impossible. In
other words, 2 years after a patient was diagnosed as Alzhe-
imer’s disease by [''C] PIB, there was no change in the
accumulation of the probe regardless of the progress of the
clinical symptoms (refer to Non-Patent Document 3). The
reason is considered that the accumulation of AP to which
[*'C] PIB binds reaches a plateau far before MCI is seen prior
to development of Alzheimer’s disease. Therefore, the sever-
ity or progress of Alzheimer’s disease cannot be diagnosed
with [*!C] PIB.

Second, there is a problem that considerable false positives
are seen. Surprisingly, the ADNI (Alzheimer’s Disease Imag-
ing Initiative) held ahead of the International Conference on
Alzheimer’s Disease in Chicago in July 2008 reported that
53% of healthy elderly were ['*C] PIB positive (refer to
Non-Patent Document 4). Although the incidence rate of
Alzheimer’s disease is considered to be 4 to 6% of the popu-
lation of 65 or more years old, the ADNI reported that 53% of
the elderly except for Alzheimer’s disease patients were [11C]
PIB positive. Although the present inventors think the figure
of 53% is an overestimate, the developers of [*'C] PIB them-
selves recognize the possibility of considerable false posi-
tives (refer to Non-Patent Document 5).

The reason for these many false positives is believed to
bethat there is a considerable dispersion in the accumulation
of' Af in all of normal healthy subjects, MCI, and Alzheimer’s
disease.

Furthermore, in June to July 2008, it was successively
reported that the effects of therapeutic drug (vaccines and
secretase inhibitors) groups, which were expected to provide
basic remedies based on the Alzheimer’s disease/amyloid (or
Ap) hypothesis, were far below expectation. The most shock-
ing was the report by Holmes et al. in Lancet that Af} vaccines
cannot stop the progress of the clinical symptoms at all
although Af was removed from the brain of Alzheimer’s
disease patients (refer to Non-Patent Document 6).

However, another important information was provided in
the report in Lancet; all accumulation of tau in the patients in
Lancent progressed to the final stage. FIG. 3 illustrates the
Braak stage of accumulation of A and tau in Alzheimer’s
disease. For the Braak stage of post-mortem Case 7 and 8 of
the report in Lancet, A was considered not to be accumulated
(or stage A), while the degree of tau accumulation was stage
V1. This implies that in both cases the accumulation of Ap
was mild or less, while the accumulation of tau was the
highest level of stage VI.

There were several reports that the histopathology corre-
lated with the clinical symptoms of Alzheimer’s disease was
tau rather than A in the early 1990s (Non-Patent Document
7). This was unexpectedly reaffirmed by the report by Holmes
etal.

These findings strongly suggest that A} vaccines were less
effective as therapeutic drugs after development of Alzhe-
imer’s disease and that the degree of Af} accumulation does
not always reflect the severity of Alzheimer’s disease, as well
as that it is more reasonable to trace tau rather than Af to
diagnose the severity of Alzheimer’s disease.

The present inventors think that by considering the clinical
outcomes of vaccines, other therapeutic drugs, and probes for
amyloid imaging, the relationship between amyloid (or Ap)
and tau in Alzheimer’s disease should be revised to FIG. 4. As
illustrated in FIG. 4, when there is low acccumulation of
amyloid, MCI and Alzheimer’s disease develop when the tau
accumulation reaches the threshold, and when the accumula-
tion of amyloid is very high, MCI and Alzheimer’s disease do
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not develop when the tau accumulation does not reach the
threshold. That s to say, the amount of amyloid accumulation
is not related to development of MCI and Alzheimer’s dis-
ease, while tau accumulation defines this development. It is
proposed to say “amyloid (or Af) has no threshold, but tau has
one”.

As described above, tau imaging is probably superior to
amyloid imaging, in order to diagnose the severity (or
progress) of Alzheimer’s disease, or to detect presymptom-
atic high-risk individuals for Alzheimer’s disease correctly.

The present inventors think that it is probable that “tau
imaging will play the leading role in diagnosis of Alzheimer’s
disease, supplemented by amyloid imaging in the future”.

The document in the relevant technical field includes, for
example, (i) Okamura et al., J. Neurosci., 25 (4&), 10857-
10862 (2005), (ii) EP 1574500 A1, (iii) Siemens US 2010/
0239496 A1, and (iv) Korea KR 2010-0112423 A.
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

Anobject ofthe present invention is to provide acompound
which is highly specific to tau and can image tau with satis-
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4

factory sensitivity, and also has high brain transition, low or
non-recognized bone-seeking properties and low or undetec-
ted toxicity.

Means for Solving the Problems

In light of the above problems, the present inventors have
intensively studied and found that the compound of a formula
(D), a salt thereof or a solvate thereof is a compound which is
highly specific to tau and can image tau with satisfactory
sensitivity, and also has high brain transition, low or non-
recognized bone-seeking properties and low or non-recog-
nized toxicity. They have also found that the compound of a
formula (I') can be used as a precursor of the compound of a
formula (I), a salt thereof or a solvate thereof. Thus, the
present inventors have completed the present invention.

That is, the present invention provides the followings.

(1) A compound of the formula (I):

08)
®R¥m
X A4
(RZ)m_: j\
P
Ay A—R!
wherein
Ais

R! is halogen, a—C(=—0)-lower alkyl group (the alkyl group
each independently may be substituted with one or more
substituents selected from NR“R®, halogen and a hydroxy
group), a lower alkyl group (the alkyl group each indepen-
dently may be substituted with one or more substituents
selected from halogen and a hydroxy group), a —O-lower
alkyl group (the alkyl group each independently may be
substituted with one or more substituents selected from
halogen and a hydroxy group), or

4
/R

in which
R* and R> each independently represents hydrogen, a lower
alkyl group or a cycloalkyl group, or R*, R® and the nitro-
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gen atom to which they are attached are taken together to
form a 3- to 8-membered nitrogen-containing aliphatic
ring (one or more carbon atoms constituting the nitrogen-
containing aliphatic ring may be substituted with a nitro-
gen atom, a sulfur atom or an oxygen atom, and when a
carbon atom is substituted with a nitrogen atom, the nitro-
gen atom may be substituted with a lower alkyl group),

or R* and the nitrogen atom to which it is attached are taken
together with ring A to form a 8- to 16-membered nitrogen-
containing fused bicyclic ring (one or more carbon atoms
constituting the nitrogen-containing fused bicyclic ring
may be substituted with a nitrogen atom, a sulfur atom or
an oxygen atom, and when a carbon atom is substituted
with a nitrogen atom, the nitrogen atom may be substituted
with a lower alkyl group) and R> represents hydrogen, a
lower alkyl group or a cycloalkyl group,

in which the line, that the dotted line intersects, means a bond
of the above general formula to the other structural moiety,

R?or R? each independently represents halogen, OH, COOH,
SO,H, NO,, SH, NR“R?, a lower alkyl group (the alkyl
group each independently may be substituted with one or
more substituents selected from halogen and a hydroxy
group) or a —O-lower alkyl group (the alkyl group each
independently may be substituted with one or more sub-
stituents selected from halogen, a hydroxy group and a
—O-lower alkyl-O-lower alkyl group (the alkyl group each
independently may be substituted with halogen)),

ring A is unsubstituted, or substituted with R® (in which R® is
one or more substituents selected independently from halo-
gen, OH, COOH, SO,H, NO,, SH, NR“R?, a lower alkyl
group (the alkyl group each independently may be substi-
tuted with one or more substituents selected from halogen
and a hydroxy group) and a —O-lower alkyl group (the
alkyl group each independently may be substituted with
one or more substituents selected from halogen and a
hydroxy group),

R“and R” each independently represents hydrogen or a lower
alkyl group (the alkyl group each independently may be
substituted with one or more substituents selected from
halogen and a hydroxy group),

m is an integer of 0 to 4, and

n is an integer of 0 to 4, or a pharmaceutically acceptable salt
or solvate thereof.

(2) The compound according to (1), wherein R* is halogen, a
—C(=0)-lower alkyl group (the alkyl group each inde-
pendently may be substituted with NH,), a lower alkyl
group (the alkyl group each independently may be substi-
tuted with a hydroxy group), —O-lower alkyl group, or

in which
R*and R’ each independently represents hydrogen or a lower

alkyl group, or a pharmaceutically acceptable salt or sol-
vate thereof.

(3) The compound according to (1) or (2), wherein at least one
of R%, R® and R is a —O-lower alkyl group substituted
with one hydroxy group and one halogen, or a pharmaceu-
tically acceptable salt or solvate thereof.
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(4) The compound according to (3), wherein at least one of
R?, R? and R® is represented by:

F

D

O—, HO o—,
F F
D

HO HO o—

or a pharmaceutically acceptable salt or solvate thereof.

(5) The compound according to (1) or (2), wherein at least one
of R%, R* and R® is NR°R?, and R® and R” each indepen-
dently represents hydrogen or an unsubstituted lower alkyl
group, or a pharmaceutically acceptable salt or solvate
thereof.

(6) The compound according to (1), wherein the compound of
the formula (I) is a compound selected from the group
consisting of:

2-(4-aminophenyl)-8-(1-fluoromethyl-2-hydroxyethoxy)
quinoline,

2-(4-diethylaminophenyl)-6-(1-fluoromethyl-2-hydroxy)
quinoline,
2-(4-diethylaminophenyl)-7-(2-fluoromethyl-2-hydroxy-
ethoxy)quinoline,
2-(4-diethylaminophenyl)-8-(1-fluoromethyl-2-hydroxy-
ethoxy)quinoline,
2-(4-diethylaminophenyl)-7-(1-fluoromethyl-2-hydroxy-
ethoxy)quinoline,
2-(4-diethylaminophenyl)-4-(3-fluoro-2-hydroxypropoxy)
quinoline,
2-(4-diethylaminophenyl)-5-(1-fluoromethyl-2-hydroxy-
ethoxy)quinoline,
2-(4-diethylaminophenyl)-3-(1-fluoromethyl-2-hydroxy-
ethoxy)quinoline,

2-(4-diethylaminophenyl)-8-[ (3-fluoro-2-hydroxy )propoxy|
quinoline,

2-(4-fluoromethyl-2-hydroxyethoxy)-2-(4-dimethylami-
nophenyl)quinoline,

7-(1-fluoromethyl-2-hydroxyethoxy)-2-(4-methylami-
nophenyl)quinoline,

2-(4-ethylmethylaminophenyl)-7-(1-fluoromethyl-2-hy-
droxyethoxy)-quinoline,

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-dimethylaminophe-
nyl)quinoline,

7-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methylaminophenyl)
quinoline,

7-[(3-fluoro-2-hydroxy )propoxy |-2-(4-dimethylaminophe-
nyl)quinoline,

2-(4-ethylmethylaminophenyl)-7-[ (3-fluoro-2-hydroxy )pro-
poxy]quinoline,

2-(4-aminophenyl)-6-[(3-fluoro-2-hydroxy)propoxy|quino-
line,

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methylaminophenyl)
quinoline,

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-diethylaminophenyl)
quinoline,

7-amino-2-(4-fluorophenyl)quinoline,

2-(4-fluorophenyl)-7-dimethylaminoquinoline,

5-amino-2-(4-fluorophenyl)quinoline,
2-(4-fluorophenyl)-5-dimethylaminoquinoline oxalate,
8-amino-2-(4-fluorophenyl)quinoline,
2-(4-fluorophenyl)-8-dimethylaminoquinoline,
6-amino-2-(4-fluorophenyl)quinoline,
2-(4-fluorophenyl)-6-dimethylaminoquinoline,
2-(2-aminopyrid-5-y1)-7-(1-fluoromethyl-2-hydroxyethoxy)
quinoline,
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6-ethylmethylamino-2-(4-fluorophenyl)quinoline,
6-diethylamino-2-(2-fluoropyrid-5-yl)quinoline,
8-ethylmethylamino-2-(2-fluoropyrid-5-yl)quinoline,
5-ethylamino-2-(2-fluoropyrid-5-yl)quinoline,
5-diethylamino-2-(2-fluoropyrid-5-yl)quinoline,
7-diethylamino-2-(2-fluoropyrid-5-yl)quinoline,
7-ethylmethylamino-2-(2-fluoropyrid-5-yl)quinoline,
2-(4-ethylaminophenyl)-6-[ (3-fluoro-2-hydroxy)propoxy]

quinoline,

2-(2-aminopyrid-5-y1)-6-[(3-fluoro-2-hydroxy )propoxy|
quinoline,

2-(2-methylaminopyrid-5-y1)-6-[(3-fluoro-2-hydroxy)pro-
poxy|quinoline,

6-[(3-fluoro-2-hydroxy)propoxy|-2-(2-dimethylaminopy-
rid-5-yl)quinoline,
2-(2-diethylaminopyrid-5-y1)-6-[ (3-fluoro-2-hydroxy)pro-
poxy|quinoline,
2-(2-ethylaminopyrid-5-y1)-6-[(3-fluoro-2-hydroxy)pro-
poxy|quinoline,
1-fluoro-3-{2-[4-(4-methylpiperazin-1-yl)phenyl]quinolin-
6-yloxy)propan-2-ol,
1-fluoro-3-{2-[6-(piperazin-1-yl)pyridin-3-yl]quinolin-6-
yloxy }propan-2-ol,
1-fluoro-3-{2-[6-(4-methylpiperazin-1-yl)pyridin-3-yl]
quinolin-6-yloxy }propan-2-ol,
6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methyl-3,4-dihydro-
2H-pyrido[3,2-b][1,4]oxazin-7-yl)quinoline,
6-[(3-fluoro-2-hydroxy)propoxy|-2-(1-methyl-1,2,3,4-tet-
rahydroquinolin-6-yl)quinoline,
6-[(3-fluoro-2-hydroxy-1,1-dimethyl)propoxy]-2-(1-me-
thyl-1,2,3,4-tetrahydroquinolin-6-yl)quinoline,
2-(4-amino-3-fluorophenyl)-6-dimethylaminoquinoline,
2-[4-(amino)-3-[(3-fluoro-2-hydroxy )propoxy |phenyl]-6-
methylaminoquinoline,
2-[3-(3-fluoro-2-hydroxy-1,1-dimethyl)propoxy|-4-(dim-
ethylamino)-phenyl]-6-dimethylaminoquinoline,
6-amino-2-[4-(amino)-3-[ (3-fluoro-2-hydroxy )propoxy|
phenyl]quinoline,
2-[3-[(3-fluoro-2-hydroxy )propoxy|-4-(dimethylamino)
phenyl]-6-dimethylaminoquinoline,
2-[3-[(3-fluoro-2-hydroxy )propoxy|-4-(methylamino)phe-
nyl]-6-methylaminoquinoline,
2-[4-(amino)-3-[(3-fluoro-2-hydroxy )propoxy |phenyl]-6-
dimethylaminoquinoline,
6-amino-2-[3-[ (3-fluoro-2-hydroxy)propoxy|-4-(dimethy-
lamino)phenyl]-quino line,
2-[3-[(3-fluoro-2-hydroxy )propoxy|-4-(dimethylamino)
phenyl]-6-methylamino quinoline,
2-[3-[2-[2-(2-fluoroethoxy Jethoxy]ethoxy-4-(methylamino)
phenyl]-6-dimethylaminoquinoline,
2-[3-[(3-fluoro-2-hydroxy )propoxy|-4-(methylamino)phe-
nyl]-6-dimethylamino quinoline,
6-amino-2-[3-[(3-fluoro-2-hydroxy)propoxy|-4-(methy-
lamino)phenyl]-quinoline,
2-[3-[(3-fluoro-2-hydroxy )propoxy|-2-(dimethylamino)py-
rid-5-yl]-6-dimethylaminoquinoline,
2-[3-[(3-fluoro-2-hydroxy )propoxy|-2-(dimethylamino)py-
rid-5-yl]quinoline,
6-[[2-(tetrahydro-2H-pyran-2-yloxy)-tosyloxy [propoxy]-2-
(4-methyl-3,4-dihydro-2H-pyrido[3,2-b][ 1,4 ]oxazin-7-
yl)quinoline,
6-[(3-fluoro-2-hydroxy )propoxy|-2-(6-fluoropyridin-3-yl)
quinoline,
6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methoxyphenyl)
quinoline,
6-[(3-fluoro-2-hydroxy)propoxy|-2-[ 4-(hydroxymethyl)
phenyl]quinoline,
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6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-ethanonephenyl)
quinoline,

6-[(3-fluoro-2-hydroxy )propoxy|-2-(6-methoxypyridin-3-
yl)quinoline,

6-[(3-fluoro-2-hydroxy )propoxy|-2-(4-ethoxyphenyl)quino-
line,

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-amino-3-methox-
yphenyl)quinoline,

6-[(3-fluoro-2-hydroxy)propoxy|-2-(benzamido-4-yl)
quinoline,

6-[(3-fluoro-2-hydroxy )propoxy]-2-(3-aminophenyl)quino-
line, and

6-[(3-fluoro-2-hydroxy )propoxy|-2-(1-methyl-pyrazol-4-yl)
quinoline, or a pharmaceutically acceptable salt or solvate
thereof.

(7) The compound according to any one of (1) to (6), wherein
the compound is labeled, or a pharmaceutically acceptable
salt or solvate thereof.

(8) The compound according to (7), wherein the label is a
radioactive nuclide, or a pharmaceutically acceptable salt
or solvate thereof.

(9) The compound according to (8), wherein the radioactive
nuclide is a y-ray emitting nuclide, or a pharmaceutically
acceptable salt or solvate thereof.

(10) The compound according to (7), wherein the label is a
positron emitting nuclide, or a pharmaceutically accept-
able salt or solvate thereof.

(11) The compound according to (10), wherein the positron
emitting nuclide is selected from the group consisting of
UC, 13N, 1505 18F, 35mCl, 76Br, 45Ti, 48\], 60Cu, 61Cu,
62Cu, %*Cu, °°Ga, *Zr, °**"Tc and '**I, or a pharmaceuti-
cally acceptable salt or solvate thereof.

(12) The compound according to (11), wherein the positron
emitting nuclide is ''C or '®F, or a pharmaceutically
acceptable salt or solvate thereof.

(13) A pharmaceutical composition comprising the com-
pound according to any one of (1) to (12), or a pharmaceu-
tically acceptable salt or solvate thereof.

(14) A pharmaceutical composition comprising the com-
pound according to any one of (1) to (12), or a pharmaceu-
tically acceptable salt or solvate thereof, and a solubilizing
agent.

(15) The pharmaceutical composition according to (14),
wherein the solubilizing agent is selected from the group
consisting of Polysorbate 80, polyethylene glycol, ethanol,
propylene glycol and a combination of two or more kinds
thereof.

(16) The pharmaceutical composition according to any one of
(13) to (15), which is an injection.

(17) A composition for the diagnosis of conformational dis-
ease, comprising the compound according to any one of (1)
to (12) or a pharmaceutically acceptable salt or solvate
thereof.

(18) A pharmaceutical composition for the treatment and/or
prevention of conformational disease, comprising the com-
pound according to any one of (1) to (12) or a pharmaceu-
tically acceptable salt or solvate thereof.

(19) A kit for the diagnosis of conformational disease, com-
prising the compound according to any one of (1) to (12) or
a pharmaceutically acceptable salt or solvate thereof as an
essential ingredient.

(20) A composition or kit for the detection or staining of a
[-sheet structure protein, comprising the compound
according to any one of (1) to (12) or a pharmaceutically
acceptable salt or solvate thereof as an essential ingredient.

(21) The kit according to (19) or (20) for imaging diagnosis.
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(22) A method of treating and/or preventing conformational
disease in a subject, which comprises administering the
compound according to any one of (1) to (12) or a phar-
maceutically acceptable salt or solvate thereof to the sub-
ject.

(23) A method of diagnosing conformational disease in a
subject, which comprises administering the compound
according to any one of (1) to (12) or a pharmaceutically
acceptable salt or solvate thereof to the subject.

(24) Use of the compound according to any one of (1) to (12)
or a pharmaceutically acceptable salt or solvate thereof for
the production of a composition or kit for the diagnosis of
conformational disease in a subject.

(25) Use of the compound according to any one of (1) to (12)
or a pharmaceutically acceptable salt or solvate thereof for
the production of a pharmaceutical composition for the
treatment and/or prevention of conformational disease in a
subject.

(26) A method of detecting or staining a f3-sheet structure
protein in a sample, which comprises staining the sample
using the compound according to any one of (1) to (12) or
a pharmaceutically acceptable salt or solvate thereof.

(27) Use of the compound according to any one of (1) to (12)
or a pharmaceutically acceptable salt or solvate thereof for
the production of a composition or kit for the detection or
staining of a 8-sheet structure protein.

(28) The composition, kit, method or use according to any one
of (17) to (27), wherein the conformational disease is tau-
opathy, particularly Alzheimer’s disease, and the 8-sheet
structure protein is tau protein.

(29) A method of producing the compound of the formula (1),
which comprises the following steps of:

(1) reacting a compound of the formula (II):

(IT)
AN

a

®R)m—-
R7

in which, R? and m are as defined in the formula (I), and R”
represents NH, or NO,, with a compound of the formula (I1I):

O)\A_Rl

in which A and R" are as defined in the formula (1), to obtain
a compound of the formula (IV):

(1)

(Iv)
I T
ROm—-

AN\

A—R!

and isolating this compound as the compound of the formula

(D), or

(ii) optionally converting the compound of the formula (IV)
into another compound of the formula (I) and isolating the
compound.
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(30) A method of producing the compound of the formula (1),
which comprises the following steps of:

(1) reacting a compound of the formula (V):

V)
R¥m
\ ~ ]
(RZW—: J\
N

N RS

in which R?, R*, m and n are as defined in the formula (I), and
R® is a hydroxyl group or halogen, provided that at least one
of R? or R? is a hydroxy group, with a compound of the
formula: OH-Ark (Ark each independently represents a lower
alkyl group which may be substituted with one or more sub-
stituents selected from the group consisting of halogen and a
hydroxy group, to obtain a compound of the formula (V'):

)
(R

in which R?, R® m and n are as defined in the formula (I), and
R® is a hydroxyl group or halogen, provided that at least one
of R? or R? is —O— Ark (Ark is as defined above), and

(ii) reacting the compound of the formula (V') with a com-
pound of the formula (V1) or (VII):

VD

B—A—R! or

(VID)
HO

B—A—R!
HO

in which A and R are as defined in the formula (I), to obtain
the compound of the formula (I) in which at least one of R?
and R? is a —O-lower alkyl group (the alkyl group each
independently may be substituted with one or more substitu-
ents selected from the group consisting of halogen and a
hydroxy group), or isolating the compound, or

(iii) optionally converting the obtained compound of the for-
mula (I) into another compound of the formula (I), and
isolating the compound.

(31) A method of producing the compound of the formula (1)
in which at least one of R? and R is a —O-lower alkyl
group (the alkyl group each independently may be substi-
tuted with one or more substituents selected from the group
consisting of halogen and a hydroxy group), which com-
prises the following steps of:
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(1) reacting a compound of the formula (V):

o V)
I AN \/\
g J\
N

in which R?, R* m and n are as defined in the formula (1), and
R® is a hydroxyl group or halogen, provided that at least one
of R? or R? is a hydroxy group, with a compound of the
formula (VI) or (VII):

VD

B—A—R! or

(VID
HO
B—A—R!

HO

in which A and R" are as defined in the formula (1), to obtain
a compound of the formula (V"):

v

Rm—-

in which R', R?, R?, A, m and n are as defined in the formula
(D), provided that at least one of R* or R? is a hydroxy group,
and

(ii) reacting the compound of the formula (V") with a com-
pound of the formula: OH-Ark (Ark each independently
represents a lower alkyl group which may be substituted
with one or more substituents selected from the group
consisting of halogen and a hydroxy group) to obtain com-
pound of the formula (I) in which at least one of R* and R?
is a—O-lower alkyl group (the alkyl group each indepen-
dently may be substituted with one or more substituents
selected from the group consisting of halogen and a
hydroxy group), and isolating the compound, or

(iii) optionally converting the obtained compound of the for-
mula (I) into another compound of the formula (I), and
isolating the compound.

(32) The method according to (31), wherein the compound of
the formula (I) is selected from:

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-dimethylaminophe-
nyl)quinoline,

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methylaminophenyl)
quinoline, and

2-(4-ethylaminophenyl)-6-[ (3-fluoro-2-hydroxy)propoxy]
quinoline.
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(33) A compound of the formula (I'):

@

R®R¥m
I AN \/\
(Rz)m—l J\
P
S A —R!
in which
Ais

R!is halogen, a—C(=0)-lower alkyl group (the alkyl group
each independently may be substituted with one or more
substituents selected from NR“R?, halogen and a hydroxy
group), a lower alkyl group (the alkyl group each indepen-
dently may be substituted with one or more substituents
selected from halogen and a hydroxy group), a —O-lower
alkyl group (the alkyl group each independently may be
substituted with one or more substituents selected from
halogen and a hydroxy group), or

in which

R* and R’ each independently represents hydrogen, a lower
alkyl group or a cycloalkyl group, or R*, R> and the nitro-
gen atom to which they are attached are taken together to
form a 3- to 8-membered nitrogen-containing aliphatic
ring (one or more carbon atoms constituting the nitrogen-
containing aliphatic ring may be substituted with a nitro-
gen atom, a sulfur atom or an oxygen atom, and when a
carbon atom is substituted with a nitrogen atom, the nitro-
gen atom may be substituted with a lower alkyl group), or
R* and the nitrogen atom to which it is attached are taken
together with ring A to form a 8- to 16-membered nitrogen-
containing fused bicyclic ring (one or more carbon atoms
constituting the nitrogen-containing fused bicyclic ring
may be substituted with a nitrogen atom, a sulfur atom or
an oxygen atom, and when a carbon atom is substituted
with a nitrogen atom, the nitrogen atom may be substituted
with a lower alkyl group), R” is hydrogen, a lower alkyl
group or a cycloalkyl group,

in which the line, that the dotted line intersects, means a bond
of'the above general formula to the other structural moiety,
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R?or R? each independently may be substituted with halogen,
OH, COOH, SO,H, NO,, SH, NR*R?, a lower alkyl group
(the lower alkyl group each independently may be substi-
tuted with one or more substituents selected from a p-tolu-
enesulfonyloxy group (tosyloxy group, TsO), a methane-
sulfonyloxy group, a trifluoromethanesulfonyloxy group
or a 2-tetrahydropyranyloxy (OTHP), halogen and a
hydroxy group) or a —O-lower alkyl group (the lower
alkyl group is substituted with a p-toluenesulfonyloxy
group (tosyloxy group, TsO), a methanesulfonyloxy
group, trifluoromethanesulfonyloxy group or a 2-tetrahy-
dropyranyloxy (OTHP), and also may be substituted with a
hydroxy group),

ring A is unsubstituted or substituted with R® (in which RS is
one or more substituents selected independently from halo-
gen, OH, COOH, SO,H, NO,, SH, NR“R?, a lower alkyl
group (the lower alkyl group each independently may be
substituted with one or more substituents selected from the
group consisting of a p-toluenesulfonyloxy group (tosy-
loxy group, TsO), a methanesulfonyloxy group, a trifluo-
romethanesulfonyloxy group or a 2-tetrahydropyranyloxy
(OTHP), halogen and a hydroxy group) and an —O-lower
alkyl group (the alkyl group each independently may be
substituted with one or more substituents selected from a
p-toluenesulfonyloxy group (tosyloxy group, TsO), a
methanesulfonyloxy group, a trifluoromethanesulfony-
loxy group or a 2-tetrahydropyranyloxy (OTHP), halogen,
a hydroxy group and an —O-lower alkyl group-O-lower
alkyl group (the alkyl group each independently may be
substituted with halogen))), R and R? independently rep-
resents hydrogen or a lower alkyl group (the alkyl group
and the lower alkyl group each independently may be sub-
stituted with one or more substituents selected from a
p-toluenesulfonyloxy group (tosyloxy group, TsO), a
methanesulfonyloxy group, a trifluoromethanesulfony-
loxy group or a 2-tetrahydropyranyloxy (OTHP), halogen
and a hydroxy group),

m is an integer of 0 to 4, and

n is an integer of 0 to 4,

provided that at least one of R?, R® and R° represents an
—O-lower alkyl group (the lower alkyl group is substituted
with a p-toluenesulfonyloxy group (tosyloxy group, TsO),
a methanesulfonyloxy group, a trifluoromethanesulfony-
loxy group or a 2-tetrahydropyranyloxy (OTHP), and may
also be substituted with one or more substituents selected
from halogen and a hydroxy group), or a pharmaceutically
acceptable salt or solvate thereof.

(34) The compound according to (33), wherein at least one of

R?, R? and R® is a group of the formula:

T,0
0—, HO 0o—,
TSO‘>_\

T,0
} O ,
HO

OTHP
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(35) The compound according to (33), wherein the compound
of the formula (I') is a compound selected from the group
consisting of:

2-(4-diethylaminophenyl)-6-[ (2-hydroxy-1-tosyloxym-
ethyl)ethoxy]quinoline,

2-(4-aminophenyl)-8-(2-hydroxy-1-tosyloxymethylethoxy)
quinoline,

2-(4-diethylaminophenyl)-8-(2-hydroxy-1-tosyloxymethyl-
ethoxy)quinoline,
2-(4-diethylaminophenyl)-8-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-(4-diethylaminophenyl)-7-(2-hydroxy-1-tosyloxymethyl-
ethoxy)quinoline,
2-(4-diethylaminophenyl)-7-[[(2-tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
7-(2-hydroxy-1-tosyloxymethylethoxy)-2-(4-dimethylami-
nophenyl)quinoline,
7-(2-hydroxy-1-tosyloxymethylethoxy)-2-(4-methylami-
nophenyl)quinoline,
2-(4-ethylmethylaminophenyl)-7-(2-hydroxy-1-tosyloxym-
ethylethoxy)quinoline,
2-(4-diethylaminophenyl)-5-(2-hydroxy-1-tosyloxymethyl-
ethoxy)quinoline,
2-(4-ethylmethylaminophenyl)-7-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy|propoxy |quinoline,
2-(4-methylaminophenyl)-7-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-(4-dimethylaminophenyl)-7-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-(4-methylaminophenyl)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-(4-diethylaminophenyl)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-(4-dimethylaminophenyl)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-(4-aminophenyl)-6-[[2-(tetrahydro-2H-pyran-2-yloxy)-3-
tosyloxy|propoxy|quinoline,
2-(4-ethylaminophenyl)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-(2-aminopyrid-5-y1)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-(2-methylaminopyrid-5-yl1)-6-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy|propoxy |quinoline,
2-(2-dimethylaminopyrid-5-y1)-6-[| 2-(tetrahydro-2H-py-
ran-2-yloxy)-3-tosyloxy |propoxy|quinoline,
2-(2-diethylaminopyrid-5-y1)-6-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy|propoxy |quinoline,
2-(2-ethylaminopyrid-5-y1)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]|quinoline,
2-[4-(methylamino)-3-[| 2-(tetrahydro-2H-pyran-2-yloxy)-
3-tosyloxy|propoxy|phenyl]-6-dimethylaminoquinoline,
and

2-[4-(dimethylamino)-3-[[ 2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy |phenyl]-6-dimethylamino-
quinoline.

(36) A kit for producing the labeled compound according to
any one of (33) to (35), or a pharmaceutically acceptable
salt or solvate thereof, comprising: the compound accord-
ing to any one of (33) to (35), or a pharmaceutically accept-
able salt or solvate thereof,

a labeling agent, and

optionally, instructions for carrying out labeling.

(37) The kit according to (36), wherein the labeling agent is a
radioactive nuclide.

(38) The kit according to (37), wherein the radioactive
nuclide is a y-ray emitting nuclide.
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(39) The kit according to (36), wherein the labeling agent is a
positron emitting nuclide.

(40) The kit according to (39), wherein the positron emitting
nuclide is selected from the group consisting of *'C, *N,
150, 18F, 35mC1, 76Br, 45Ti, 48\], 60Cu, 61Cu, 62Cu, 64Cu,
56Ga, 3Zr, **"Tc and **L.

(41) The kit according to (40), wherein the positron emitting
nuclide is ''C or ®F.

(42) A method for producing the compound according to (7),
which comprises the step of reacting the compound
according to (34) with a labeling agent.

(43) The method according to (42), wherein the labeling
agent is a radioactive nuclide.

Effects of the Invention

According to the present invention, there is provided a
compound having very high safety, which is highly specific to
tau and can image tau with satisfactory sensitivity, and also
has high brain transition, low or undetected bone-seeking
properties and low or undetected toxicity, and a precursor
thereof. Accordingly, the diagnosis, the treatment and/or pre-
vention of tauopathy can be carried out using the compound
of'the present invention. Also, according to the present inven-
tion, it becomes possible to carry out imaging diagnosis of
tauopathy, particularly imaging diagnosis using PET.
Accordingly, according to the present invention, it becomes
possible to carry out accurate diagnosis, effective treatment
and prevention in the early stages of tauopathy, particularly
Alzheimer’s disease.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing deviation between a clinical
picture and a histological picture in Alzheimer’s disease.
Cited from Alzheimer’s Disease (written by Yasuo IHARA,
Hiroyuki ARAKI), Asahi Shimbun Company, 2007, Tokyo,
partly revised. In the onset of Alzheimer’s disease of patients
aged 80 years, accumulation of A starts at the age of S0 years
and has already reach a plateau at the age of 60 years. On the
other hand, tau accumulation proceeds age-dependently at
the age of 70 years.

FIG. 2 illustrates PET probes for amyloid imaging, which
have been developed so far.

FIG. 3 is a diagram showing stages of A} accumulation and
tau accumulation in Alzheimer’s disease. Cited from Braak &
Braak: Neurobiol aging. 18.351-357. 1997, partly revised.
Referring to stages of Braak after death of cases 7 and 8 in
Non-Patent Document 6, A} accumulation was considered as
Cases devoid of amyloid (or stage A), while tau accumulation
was in stage V1. That is, this means that although A accu-
mulation is mild or globally mild in both cases, tau accumu-
lation was in stage VI in which an accumulation level is the
highest.

FIG. 4 is a graph showing a relation between amyloid (or
Ap) and tau in Alzheimer’s disease (proposed by the present
inventors). As shown in upper, middle and lower columns,
when amyloid is not much accumulated, MCI and Alzhe-
imer’s disease develop when the tau accumulation reaches the
threshold, and when amyloid is strongly accumulated, MCI
and Alzheimer’s disease do not develop when the tau accu-
mulation does not reach the threshold. That is to say, the
amount of amyloid accumulation is not related to develop-
ment of MCI and Alzheimer’s disease, while tau accumula-
tion defines this development. In other words, “amyloid (or
Ap) has no threshold, but tau has one.
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The upper panel of FIG. 5 is a THK-5035 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 5 is a THK-5038 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 6 is a THK-5058 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 6 is a THK-5064 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 7 is a THK-5065 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 7 is a THK-5066 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 8 is a THK-5071 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 8 is a THK-5077 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 9 is a THK-5078 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 9 is a THK-5079 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 10 is a THK-5080 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 10 is lower panel is a THK-5081 stained image in a brain
section of Alzheimer’s disease patients. The outline arrow-
head denotes neurofibrillary tangles.

The upper panel of FIG. 11 is a THK-5082 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 11 is a THK-5087 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 12 is a THK-5088 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 12 is a THK-5089 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 13 is a THK-5091 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 13 is a THK-5092 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 14 is a THK-5097 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 10 is a THK-5098 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 15 is a THK-5059 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 15 is a THK-5075 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.
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The upper panel of FIG. 16 is a THK-5076 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 15 is a THK-5086 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 17 isa THK-5100 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 17 is a THK-5105 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 18 is a THK-5106 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 18 is a THK-5107 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 19isa THK-5112 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 19 is a THK-5116 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 20isa THK-5117 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 20 is a THK-932 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

FIG. 21 shows an autoradiography image (upper left-hand
and upper right-hand, respectively) of ['*F] BF-227 and [**F]
THK-5035, a thioflavin S (TF-S) stained image (lower left-
hand) in a serial section, and an anti-Tau antibody (Tau)
stained image (lower right-hand).

FIG. 22 shows an image of ['*F] THK-5105 autoradiogra-
phy (upper left) and an image of anti-phosphorylated tau
antibody (pTau) staining, of sections of the hippocampus
from an Alzheimer’s disease patient (a female of 83 years old
and with a brain weight of 900 g). The lower panels show,
from left to right, higher magnification images of [**F] THK-
5105 autoradiography, of anti-phosphorylated tau antibody
(pTau) staining, and of unlabeled THK-5105 staining, with
insets representing a much higher magnification of the anti-
phosphorylated tau antibody (pTau) staining and of the unla-
beled THK-5105 staining.

FIG. 23 shows images of [**F] THK-5105, ['®F] THK-
5117, and [*®F] THK-5125 autoradiography of sections of the
lateral temporal cortex and of the medial temporal cortex
from an Alzheimer’s disease patient (a female of 77 years old
and with a brain weight of 1,100 g).

FIG. 24 shows binding affinities (Kis) of various probes to
a tau. The tau used was aggregates of mutated tau (K18-
AK280) and the radioactive ligand used was [**F] THK-5105.

The upper panel of FIG. 25isa THK-5136 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 25 is a THK-5153 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 26 is a THK-5157 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 26 is a THK-5128 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

5

15

20

25

30

35

40

45

50

55

60

18

The upper panel of FIG. 27 is a THK-5147 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles.

The upper panel of FIG. 28 is a THK-5155 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 28 is a THK-5156 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

The upper panel of FIG. 29 is a THK-5164 stained image in
a brain section of Alzheimer’s disease patients. The outline
arrowhead denotes neurofibrillary tangles. The lower panel of
FIG. 29 is a THK-5154 stained image in a brain section of
Alzheimer’s disease patients. The outline arrowhead denotes
neurofibrillary tangles.

MODE FOR CARRYING OUT THE INVENTION

The compounds of the present invention are compounds of
formulae (I) and (I') described below, or salts or solvates
thereof. As used herein, “compound of the present invention”
and “compound according to the present invention” include
the compounds of formulae (I) and (I') described below, and
salts and solvates thereof, unless otherwise specified.

As used herein, “lower alkyl group” means a linear or
branched alkyl group having 1 to 6 carbon atoms, and specific
examples thereof include a methyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a pentyl group, an
isoamyl group, a neopentyl group, an isopentyl group, a 1,1-
dimethylpropy!l group, a 1-methylbutyl group, a 2-methylbu-
tyl group, a 1,2-dimethylpropyl group, a hexyl group, an
isohexyl group, a 1-methylpentyl group, a 2-methylpentyl
group, a 3-methylpentyl group, a 1,1-dimethylbutyl group, a
1,2-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1,3-
dimethylbutyl group, a 2,3-dimethylbutyl group, a 3,3-dim-
ethylbutyl group, a 1-ethylbutyl group, a 2-ethylbutyl group,
a 1,2,2-trimethylpropyl group, a 1-ethyl-2-methylpropyl
group and the like. The term “lower alkoxy” means —O-
lower alkyl.

As used herein, “cycloalkyl group” means a cycloalkyl
group having 3 to 7 carbon atoms, and specific examples
thereof include a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group and a cycloheptyl
group.

As used herein, “halogen” means fluorine, chlorine, bro-
mine or iodine.

As used herein, “tau protein” and “tau” have the same
meanings. As used herein, “amyloidbeta protein”, “amyloid
protein”, “Af protein”, “amyloidbeta”, “amyloid $” and
“Af” have the same meanings.

In case an asymmetric carbon atom exists in the compound
of'the present invention, a mixture of isomers, and individual
isomer are also included in the compound of the present
invention.

For example, in case one asymmetric carbon exists in the
compound of the present invention, each optically active
compound can be separately synthesized, or individual opti-
cal isomer can be separated by column chromatography. For
example, in case the optical isomer is separated by column
chromatography, a column to be used includes, for example,
CHIRALPAK AD (manufactured by DAICEL CHEMICAL
INDUSTRIES, LTD.) or the like. Also, a solvent used in
column chromatography may be a solvent which is usually
used to separate the isomer. For example, chloroform, aceto-
nitrile, ethyl acetate, methanol, ethanol, acetone, hexane,
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water and the like are used alone, or two or more kinds of
these solvents can also be used in combination.
In order to disclose the compound of the formula (I):

®m @
~

| = S
.
AN

A—R!

[wherein the respective symbols are as defined above]
according to the present invention in more specifically, vari-
ous symbols used in the formula (I) will be described by way
of specific examples.

Ring A means

in which the line, that the dotted line intersects, means a bond

of the above general formula to the other structural moiety.

That is, bonds existing at 2- and 5-positions of pyridine ring

are respectively attached to R! and quinoline ring of the

general formula (I). The ring A is unsubstituted or substituted
with one to four substituents, and preferably unsubstituted or
substituted with one substituent selected from fluorine,

(3-fluoro-2-hydroxy)propoxy, (3-fluoro-2-hydroxy-1,1-dim-

ethyl)propoxy, 2-[2-(2-fluoroethoxy)ethoxy]ethoxy and

methoxy.

R! is halogen, a—C(=—0)-lower alkyl group (the alkyl group
each independently may be substituted with one or more
substituents selected from NR“R?, halogen and a hydroxy
group), a lower alkyl group (the alkyl group each indepen-
dently may be substituted with one or more substituents
selected from halogen and a hydroxy group), a —O-lower
alkyl group (the alkyl group each independently may be
substituted with one or more substituents selected from
halogen and a hydroxy group), or

4
/R

in which

R* and R’ each independently represents hydrogen, a lower
alkyl group or a cycloalkyl group, or R*, R> and the nitro-
gen atom to which they are attached are taken together to
form a 3- to 8-membered nitrogen-containing aliphatic
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ring (one or more carbon atoms constituting the nitrogen-

containing aliphatic ring may be substituted with a nitro-

gen atom, a sulfur atom or an oxygen atom, and when a

carbon atom is substituted with a nitrogen atom, the nitro-

gen atom may be substituted with a lower alkyl group), or

R* and the nitrogen atom to which it is attached are taken

together with ring A to form a 8- to 16-membered nitrogen-

containing fused bicyclic ring (one or more carbon atoms
constituting the nitrogen-containing fused bicyclic ring
may be substituted with a nitrogen atom, a sulfur atom or
an oxygen atom, and when a carbon atom is nitrogen atom

a carbon atom is substituted with a nitrogen atom, the

nitrogen atom may be substituted with a lower alkyl

group), R® is hydrogen, a lower alkyl group or a cycloalkyl
group.

The “lower alkyl group” represented by R* and R> means
the same groups as those in the lower alkyl group defined
above. Among these groups, a methyl group, an ethyl group
and a propy! group are preferable, and a methyl group is more
preferable.

The “cycloalkyl group” represented by R* and R> means
the same groups as those in the cycloalkyl group defined
above.

Specific examples of the 3- to 8-membered nitrogen-con-
taining aliphatic ring formed by taking R*, R® and the nitro-
gen atom to which they are attached together (carbon atoms
constituting the nitrogen-containing aliphatic ring may be
substituted with a nitrogen atom, a sulfur atom or an oxygen
atom and, in case carbon atoms are substituted with a nitrogen
atom, the nitrogen atom may be substituted with a lower alkyl
group) include groups of formula:

—{ % _Q -

wherein 7 is O, S, CH, or NR?, and R° represents hydrogen or
aC,_, alkyl group. Among these groups, a morpholino group,
apiperazine group and a 4-methyl-piperazine group are pref-
erable.

Specific examples of the 8- to 16-membered nitrogen-
containing fused bicyclic ring formed by taking R* and the
nitrogen atom to which it is attached together with ring A (one
or more carbon atoms constituting the nitrogen-containing
fused bicyclic ring may be substituted with a nitrogen atom, a
sulfur atom or an oxygen atom and, incase carbon atoms are
substituted with a nitrogen atom, the nitrogen atom may be
substituted with a lower alkyl group) include groups of for-

> -
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wherein 7 is O, S, CH, or NR®, and R® represents hydrogen or
a C,_, alkyl group. Among these groups,

00 -0

is particularly preferable.

R?, R? and R each independently represents halogen, OH,
COQOH, SO,H, NO,, SH, NR“R” or a lower alkyl group (the
alkyl group is substituted with a halogen atom, and also may
be substituted with a hydroxy group) or a —O-lower alkyl
group (the alkyl group each independently may be substituted
with one or more substituents selected from the group con-
sisting of halogen, a hydroxy group and an —O-lower alkyl
group-O-lower alkyl group (the alkyl group each indepen-
dently may be substituted with halogen)).

At least one of R?, R® and RS is preferably a —O-lower
alkyl group (the alkyl group is substituted with a halogen
atom, and also may be substituted with a hydroxy group).
Among these groups, a —O-lower alkyl group substituted
with a halogen atom or a —O-lower alkyl group substituted
with a halogen atom and a hydroxy group is preferable, and a
group of a formula:

F
L
o—’ :>_\ ’
HO o—
F F

}O— or ‘>—\

HO HO o—
is more preferable.

R® and R independently represents hydrogen or a lower
alkyl group (the alkyl group is substituted with a halogen
atom, and also may be substituted with a hydroxy group).
Preferred R” and R® are hydrogens.

m is an integer of O to 4, and preferably 1.

nis an integer of 0 to 4. Preferably, all R*(s) are hydrogens.

Examples of preferred compounds of formula (I) include:
2-(4-aminophenyl)-8-(1-fluoromethyl-2-hydroxyethoxy)

quinoline (THK-5004),
2-(4-diethylaminophenyl)-6-(1-fluoromethyl-2-hydroxy)

quinoline (THK-5035),
2-(4-diethylaminophenyl)-7-(2-fluoromethyl-2-hydroxy-
ethoxy)quinoline (THK-5038),
2-(4-diethylaminophenyl)-8-(1-fluoromethyl-2-hydroxy-
ethoxy)quinoline (THK-5051),
2-(4-diethylaminophenyl)-7-(1-fluoromethyl-2-hydroxy-
ethoxy)quinoline (THK-5058),
2-(4-diethylaminophenyl)-4-(3-fluoro-2-hydroxypropoxy)
quinoline (THK-5059),
2-(4-diethylaminophenyl)-5-(1-fluoromethyl-2-hydroxy-
ethoxy)quinoline (THK-5064),
2-(4-diethylaminophenyl)-3-(1-fluoromethyl-2-hydroxy-
ethoxy)quinoline (THK-5065),
2-(4-diethylaminophenyl)-8-[(3-fluoro-2-hydroxy)propoxy|
quinoline (THK-5066),
2-(4-fluoromethyl-2-hydroxyethoxy)-2-(4-dimethylami-
nophenyl)quinoline (THK-5071),
7-(1-fluoromethyl-2-hydroxyethoxy)-2-(4-methylami-
nophenyl)quinoline (THK-5077),
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2-(4-ethylmethylaminophenyl)-7-(1-fluoromethyl-2-hy-
droxyethoxy)-quinoline (THK-5078),
6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-dimethylaminophe-
nyl)quinoline (THK-5105),
7-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methylaminophenyl)
quinoline (THK-5106),
7-[(3-fluoro-2-hydroxy )propoxy |-2-(4-dimethylaminophe-
nyl)quinoline (THK5107),
2-(4-ethylmethylaminophenyl)-7-[ (3-fluoro-2-hydroxy )pro-
poxy|quinoline (THK-5112),
2-(4-aminophenyl)-6-[(3-fluoro-2-hydroxy)propoxy|quino-
line (THK-5116),
6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methylaminophenyl)
quinoline (THK-5117),
6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-diethylaminophenyl)
quinoline (THK-5122),
7-amino-2-(4-fluorophenyl)quinoline (THK-5075),
2-(4-fluorophenyl)-7-dimethylaminoquinoline (THK-5076),
5-amino-2-(4-fluorophenyl)quinoline (THK-5079),
2-(4-fluorophenyl)-5-dimethylaminoquinoline
(THK-5080),
8-amino-2-(4-fluorophenyl)quinoline (THK-5081),
2-(4-fluorophenyl)-8-dimethylaminoquinoline (THK-5082),
6-amino-2-(4-fluorophenyl)quinoline (THK-5086),
2-(4-fluorophenyl)-6-dimethylaminoquinoline (THK-5087),
2-(2-aminopyrid-5-y1)-7-(1-fluoromethyl-2-hydroxyethoxy)
quinoline (THK-932),

oxalate

6-ethylmethylamino-2-(4-fluorophenyl)quinoline  (THK-
5100),

6-diethylamino-2-(2-fluoropyrid-5-yl)quinoline (THK-
5088),

8-ethylmethylamino-2-(2-fluoropyrid-5-yl)quinoline (THK-
5089),

5-ethylamino-2-(2-fluoropyrid-5-yl)quinoline (THK-5091),

5-diethylamino-2-(2-fluoropyrid-5-yl)quinoline (THK-
5092),
7-diethylamino-2-(2-fluoropyrid-5-yl)quinoline (THK-

5097),
7-ethylmethylamino-2-(2-fluoropyrid-5-yl)quinoline (THK-
5098),
2-(4-ethylaminophenyl)-6-[ (3-fluoro-2-hydroxy)propoxy]|
quinoline (THK-5125),
2-(2-aminopyrid-5-y1)-6-[ (3-fluoro-2-hydroxy)propoxy|
quinoline (THK-5127),
6-[(3-fluoro-2-hydroxy)propoxy|-2-(2-dimethylaminopy-
rid-5-yl)quinoline (THK-5129),
2-(2-diethylaminopyrid-5-y1)-6-[ (3-fluoro-2-hydroxy )pro-
poxy|quinoline (THK-5130),
2-(2-ethylaminopyrid-5-y1)-6-[ (3-fluoro-2-hydroxy )pro-
poxy|quinoline (THK-5142),
2-(2-methylaminopyrid-5-y1)-6-[(3-fluoro-2-hydroxy )pro-
poxy|quinoline (THK-5151),
1-fluoro-3-{2-[4-(4-methylpiperazin-1-yl)phenyl]quinolin-
6-yloxy)propan-2-ol (THK-5177),
1-fluoro-3-{2-[ 6-(piperazin-1-yl)pyridin-3-yl]quinolin-6-
yloxy }propan-2-ol (THK-5178),
1-fluoro-3-{2-[ 6-(4-methylpiperazin-1-yl)pyridin-3-yl]
quinolin-6-yloxy }propan-2-ol (THK-5180),
6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methyl-3,4-dihydro-
2H-pyrido[3,2-b][1,4]oxazin-7-yl)quinoline (THK-5136),
6-[(3-fluoro-2-hydroxy)propoxy|-2-(1-methyl-1,2,3,4-tet-
rahydroquinolin-6-yl)quinoline (THK-5153),
6-[(3-fluoro-2-hydroxy-1,1-dimethyl)propoxy]-2-(1-me-
thyl-1,2,3 4-tetrahydroquinolin-6-yl)quinoline (THK-
5157),
2-(4-amino-3-fluorophenyl)-6-dimethylaminoquinoline
(THK-5128),
2-[4-(amino)-3-[(3-fluoro-2-hydroxy)propoxy |phenyl]-6-
methylaminoquinoline (THK-5147),
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2-[3-(3-fluoro-2-hydroxy-1,1-dimethyl)propoxy|-4-(dim-
ethylamino)-phenyl]-6-dimethylaminoquinoline  (THK-
5148),
6-amino-2-[4-(amino)-3-[ (3-fluoro-2-hydroxy )propoxy|
phenyl]quinoline (THK-5155),
2-[3-[(3-fluoro-2-hydroxy )propoxy|-4-(dimethylamino)
phenyl]-6-dimethylaminoquinoline (THK-5156),

2-[3-[(3-fluoro-2-hydroxy )propoxy|-4-(methylamino)phe-
nyl]-6-methylaminoquinoline (THK-5158),

2-[4-(amino)-3-[(3-fluoro-2-hydroxy )propoxy |phenyl]-6-
dimethylaminoquinoline (THK-5159),

6-amino-2-[3-[ (3-fluoro-2-hydroxy)propoxy|-4-(dimethy-
lamino)phenyl]-quino line (THK-5160),

2-[3-[(3-fluoro-2-hydroxy )propoxy|-4-(dimethylamino)
phenyl]-6-methylamino quinoline (THK-5161),

2-[3-[2-[2-(2-fluoroethoxy Jethoxy]ethoxy-4-(methylamino)
phenyl]-6-dimethylaminoquinoline (THK-5162),

2-[3-[(3-fluoro-2-hydroxy )propoxy|-4-(methylamino)phe-
nyl]-6-dimethylaminoquinoline (THK-5164),

6-amino-2-[3-[(3-fluoro-2-hydroxy)propoxy|-4-(methy-
lamino)phenyl]-quinoline (THK-5165),

2-[3-[(3-fluoro-2-hydroxy )propoxy|-2-(dimethylamino)py-
rid-5-yl]-6-dimethylaminoquinoline (THK-5154),

2-[3-[(3-fluoro-2-hydroxy )propoxy|-2-(dimethylamino)py-
rid-5-yl]quinoline (THK-5166),

6-[(3-fluoro-2-hydroxy )propoxy|-2-(6-fluoropyridin-3-yl)
quinoline (THK-5170),

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methoxyphenyl)
quinoline (THK-5171),

6-[(3-fluoro-2-hydroxy)propoxy|-2-[ 4-(hydroxymethyl)
phenyl]quinoline (THK-5172),

6-[(3-fluoro-2-hydroxy )propoxy|-2-(4-ethanonephenyl)
quinoline (THK-5173),

6-[(3-fluoro-2-hydroxy )propoxy|-2-(6-methoxypyridin-3-
ylhquinoline (THK-5174),

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-ethoxyphenyl)quino-
line (THK-5175),

6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-amino-3-methox-
yphenyl)quinoline (THK-5176),

6-[(3-fluoro-2-hydroxy)propoxy|-2-(benzamido-4-y1)
quinoline (THK-5179),

6-[(3-fluoro-2-hydroxy )propoxy]-2-(3-aminophenyl)quino-
line (THK-5181), and

6-[(3-fluoro-2-hydroxy)propoxy|-2-(1-methyl-pyrazol-4-y1)
quinoline (THK-5182).

Examples of more preferred compound of the formula (I)
include:
6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-dimethylaminophe-

nyl)quinoline (THK-5105),
6-[(3-fluoro-2-hydroxy)propoxy|-2-(4-methylaminophenyl)

quinoline (THK-5117), and
2-(4-ethylaminophenyl)-6-[ (3-fluoro-2-hydroxy)propoxy]
quinoline (THK-5125).

As shown in Examples, the compound of the formula (I) is
highly specific to tau, and also has high brain uptake. Also, the
compound of the formula (I) is a compound having very high
safety, which has low or non-recognized bone-seeking prop-
erties and low or non-recognized toxicity. Accordingly, the
diagnosis of tauopathy can be carried out using the compound
of formula (I) as a probe against tau, and also the treatment
and/or prevention of tauopathy can be carried out by using the
compound of the formula (I). Particularly, the compound of
formula (1) is suited for imaging diagnosis of tauopathy, par-
ticularly imaging diagnosis using PET. Accordingly, it
becomes possible to carry out accurate diagnosis, effective
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treatment and prevention in the early stages of tauopathy,
particularly Alzheimer’s disease, using the compound of for-
mula (I).

The conformational disease is the disease in which a pro-
tein having a specific [3-sheet structure accumulates, and there
are various diseases characterized by deposition of an
insoluble fibrillar protein to various internal organs and tis-
sues. These diseases include Alzheimer’s disease, prion dis-
ease, dementia with Lewy bodies, Parkinson’s disease, Hun-
tington’s disease, spinal and bulbar atrophy, dentate-rubro-
pallido-luysian atrophy, Spinocerebellar Degeneration,
Machado-Joseph Disease, Amyophic Lateral Sclerosis
(ALS), Down’s syndrome, Pick’s disease, FTDP-17 (Fron-
totemporal Dementia and Parkinsonism linked to Chromo-
some 17), LNTD (Limbic Neurofibrillary tangles Demetia),
Sudanophiloc Leukodystrophy, amyloidosis and the like.

In the present invention, the conformational disease pref-
erably means disease (tauopathy) having a cardinal symptom
such as intracerebral accumulation of tau protein. Tauopathy
includes Alzheimer’s disease, Pick’s disease, progressive
supranuclear palsy (PSP) and the like.

In order to disclose the compound of a formula (I'):

/(R3)n

\ ~ X

(Rz)m—: J\
N\ N

[wherein the respective symbols are as defined above] which
is a precursor of the compound of the formula (I) according to
the present invention in more specifically, various symbols
used in the formula (I') will be described by way of specific
examples.

A and R! are the same as defined in the formula (1), as
described above. R* and R? are also the same as defined in the
formula (1), as described above.

R?, R® and RS each independently represents halogen,
—OH, —COOH, —SO0,H, —NO,, —SH, —NR“R” (R* and
R? independently represents hydrogen or a lower alkyl group
(the alkyl group each independently may be substituted with
one or more substituents selected from halogen and a hydroxy
group)), a lower alkyl group (the lower alkyl group each
independently may be substituted with one or more substitu-
ents selected from a p-toluenesulfonyloxy group (tosyloxy
group, TsO), a methanesulfonyloxy group, a trifluo-
romethanesulfonyloxy group or a 2-tetrahydropyranyloxy
(OTHP), halogen and a hydroxy group), a —O-lower alkyl
group (the lower alkyl group each independently maybe sub-
stituted with one or more substituents selected from a p-tolu-
enesulfonyloxy group (tosyloxy group, TsO), a methane-
sulfonyloxy group, a trifluoromethanesulfonyloxy group ora
2-tetrahydropyranyloxy (OTHP), halogen, a hydroxy group
and a —O-lower alkyl group-O-lower alkyl group (the alkyl
group each independently may be substituted with halogen)),
in which at least one of R?, R® and R® is a —O-lower alkyl
group (the lower alkyl group is substituted with a p-toluene-
sulfonyloxy group (tosyloxy group, TsO), a methanesulfony-
loxy group, a trifluoromethanesulfonyloxy group or a 2-tet-
rahydropyranyloxy (OTHP), and also may be substituted with
one or more substituents selected from halogen, hydroxy
group and a —O-lower alkyl group-O-lower alkyl group (the
alkyl group each independently may be substituted with halo-

gen)).
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At least one of R?, R® and R® is preferably a group of a
formula:

T,0

RN

OTHP

m is an integer of O to 4. Preferably, m is O.

n is an integer of 0 to 4. Preferably, n is 0.

Examples of preferred compound of the formula
include:
2-(4-diethylaminophenyl)-6-[(2-hydroxy-1-tosyloxym-

ethyl)ethoxy]|quinoline (THK-5039),
2-(4-aminophenyl)-8-(2-hydroxy-1-tosyloxymethylethoxy)

quinoline (THK-5041),
2-(4-diethylaminophenyl)-8-(2-hydroxy-1-tosyloxymethyl-
ethoxy) quinoline (THK-5050),
2-(4-diethylaminophenyl)-8-[[ 2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5070),
2-(4-diethylaminophenyl)-7-(2-hydroxy-1-tosyloxymethyl-
ethoxy) quinoline (THK-5072),
2-(4-diethylaminophenyl)-7-[[ (2-tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5073),
7-(2-hydroxy-1-tosyloxymethylethoxy)-2-(4-dimethylami-
nophenyl) quinoline (THK-5090),
7-(2-hydroxy-1-tosyloxymethylethoxy)-2-(4-methylami-
nophenyl) quinoline (THK-5095),
2-(4-ethylmethylaminophenyl)-7-(2-hydroxy-1-tosyloxym-
ethylethoxy)quinoline (THK-5096),
2-(4-diethylaminophenyl)-5-(2-hydroxy-1-tosyloxymethyl-
ethoxy) quinoline (THK-5099),
2-(4-ethylmethylaminophenyl)-7-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy|propoxy|quinoline (THK-5111),
2-(4-methylaminophenyl)-7-[[ 2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5113),
2-(4-dimethylaminophenyl)-7-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5115),
2-(4-methylaminophenyl)-6-[[ 2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5119),
2-(4-diethylaminophenyl)-6-[[ 2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5120),
2-(4-dimethylaminophenyl)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5121),
2-(4-aminophenyl)-6-[[2-(tetrahydro-2H-pyran-2-yloxy)-3-
tosyloxy|-propoxy|quinoline (THK-5123),
2-(4-ethylaminophenyl)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5131),
2-(2-aminopyrid-5-y1)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy [propoxy]quinoline (THK-5150),
2-(2-methylaminopyrid-5-y1)-6-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy|propoxy|quinoline (THK-5152),
2-(2-dimethylaminopyrid-5-y1)-6-[| 2-(tetrahydro-2H-py-
ran-2-yloxy)-3-tosyloxy|propoxy]quinoline (THK-5135),
2-(2-diethylaminopyrid-5-y1)-6-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy|propoxy|quinoline (THK-5138),
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2-(2-ethylaminopyrid-5-y1)-6-[[2-(tetrahydro-2H-pyran-2-
yloxy)-3-tosyloxy |propoxy]quinoline (THK-5143),
2-[4-(methylamino)-3-[| 2-(tetrahydro-2H-pyran-2-yloxy)-
3-tosyloxy|propoxy|phenyl]-6-dimethylaminoquinoline

(THK-5163),
6-[[2-(tetrahydro-2H-pyran-2-yloxy)-tosyloxy|propoxy]-2-

(4-methyl-3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazin-7-

yDquinoline (THK-5167), and
2-[4-(dimethylamino)-3-[[ 2-(tetrahydro-2H-pyran-2-

yloxy)-3-tosyloxy |propoxy |phenyl]-6-dimethylamino-
quinoline (THK-5168).

The compound of the formula (I') can be used as a synthetic
precursor of the compound of the formula (I). The method of
converting into the compound of the formula (I) from the
compound of the formula (I') is well known to a person with
an ordinary skill in the art, and the compound of the formula
(D) can be easily obtained.

Salts of the compound of the present invention are also
included in the present invention. The salt can be produced in
accordance with a conventional method using the compound
of'a formula (I) or (I') provided by the present invention.

Specifically, when the compound of the formula (I) or (I')
has, for example, a basic group derived from an amino group,
a pyridyl group and the like in the molecule, the compound
can be converted into a corresponding salt by treating with an
acid.

Examples of the acid addition salt include hydrohalide
salts such as hydrochloride, hydrofiuoride, hydrobromide and
hydroiodide; inorganic acid salts such as nitrate, perchlorate,
sulfate, phosphate and carbonate; lower alkyl sulfonic acid
salts such as methanesulfonate, trifluoromethanesulfonate
and ethanesulfonate; aryl sulfonic acid salts such as benze-
nesulfonate and p-toluenesulfonate; organic acid salts such as
fumarate, succinate, citrate, tartrate, oxalate and maleate; and
acid addition salts of amino acids, such as glutamate and
aspartate.

Also, when the compound of the present invention has an
acidic group such as a carboxyl group in the molecule, the
compound can also be converted into a corresponding phar-
maceutically acceptable salt by treating with a base.
Examples of the base addition salt include alkali metal salts
such as sodium and potassium; alkali earth metal salts such as
calcium and magnesium; and salts of organic bases, such as
ammonium salts, guanidine, triethylamine and dicyclohexy-
lamine.

Furthermore, the compound of the present invention may
be present as a free compound, or arbitrary hydrate or solvate
of a salt thereof.

Depending on selection of starting materials and methods,
the compounds of the present invention may exist as one form
in possible isomers or mixtures thereof, for example, substan-
tially pure geometrical (cis- or trans-) isomers, optical iso-
mers (enantiomers, antipodes), racemic forms, or mixtures
thereof. The above-mentioned possible isomers or mixtures
thereof fall within the scope of the present invention.

All obtainable isomer mixtures can be separated into pure
geometrical or optical isomers, diastereomers or racemic
forms based on a physicochemical difference of component
by, for example, chromatography and/or fractional crystalli-
zation.

All of the obtained racemic forms of the final product or
intermediate can be optically resolved into optical antipodes
by a known method, for example, a diastero isomer salt
obtained from an optically active acid or base compound is
separated and each optically active acid or base compound is
isolated. The products from the racemic forms can also be
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resolved by chiral chromatography, for example, high perfor-
mance liquid chromatography using a chiral adsorbent.

In starting compounds and precursors which are converted
into the compounds of the present invention by the method in
the present description, existing functional groups such as
amino, thiol, carboxyl and hydroxy groups may be optionally
protected with a common conventional protecting group in
preparative organic chemistry. The thus protected amino,
thiol, carboxyl and hydroxy groups can be converted into free
amino, thiol, carboxyl and hydroxy groups under mild con-
ditions without causing breakage of a molecular framework
or the other undesirable minor reaction.

The protecting group is inserted so as to protect the func-
tional group from an undesirable reaction with a reaction
component under the conditions used to perform a desired
chemical conversion. Necessity and selection of the protect-
ing group for a specific reaction are known to those skilled in
the art, and depend on properties of the functional group to be
protected (hydroxy group, amino group, etc.), structure and
stability of the molecule with the substituent constituting a
part thereof, and reaction conditions. Examples of the pro-
tecting group include OTs, OTHP, methoxymethyl and OAc.
The protecting group is preferably a protecting group which
is eliminated under acidic conditions.

In the diagnosis of tauopathy, the compound of the present
invention can be used as a probe without labeling. For
example, the presence or absence of the portion to be stained
may be examined by bringing the compound of the present
invention into contact with a biopsy tissue sample. However,
it is common to use the labeled compound of the present
invention as a probe for the diagnosis of tauopathy. Examples
oflabel include a fluorescent substance, an affinity substance,
an enzyme substrate, a radioactive nuclide and the like. A
probe labeled with a radioactive nuclide is usually used in
image diagnosis of tauopathy. It is possible to label the com-
pound of the present invention with various radioactive
nuclides by the methods which are well known in the art. For
example, *H, *C, 3°S, '*'I and the like are radioactive
nuclides which have been used for a long time, and is often
utilized in vivo. General requirements for imaging diagnosis
probes and means for their detection are to allow making an in
vivo diagnosis, to cause less harm to patients (particularly, to
be non-invasive), to have a high sensitivity of detection, to
have an appropriate half-life (to have an appropriate period of
time for preparing the labeled probes and for diagnosis) and
the like. Accordingly, it has recently tended to employ
positron emission tomography (PET) utilizing y-ray display-
ing a high sensitivity and permeability of materials or com-
puted tomography (SPECT) with y-ray emitting nuclides.
Among them, PET, which detects two y-rays emitting in
opposite directions from a positron emitting nuclide by
means of simultaneous counting with a pair of detectors,
provides information which is excellent in resolution and
quantification and thus is preferable. For SPECT, the com-
pound of the present invention can be labeled with a y-ray
emitting nuclide such as **"'Tc, *!'In, *’Ga, 2°' T1, '#*1, 1**Xe
and the like. *™Tc and '**I are often used for SPECT. For
PET, the compound of the present invention can be labeled
with a positron emitting nuclide such as ''C, *N, *°0, **F,
62Cu, **Cu, **Ga, "°Br and the like. Among positron emitting
nuclides, 'C, **N, >0 and '®F are preferable, **F and ' 'C are
more preferable, *°F is particularly preferable, from the view-
point of having an appropriate half-life, the ease of labeling
and the like. Although the position of labeling the compound
of'the present invention with a radiation emitting nuclide such
as a positron emitting nuclides or y-ray emitting nuclide can
be any position, labeling may preferably be carried out at an
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alkyl group and on phenyl ring in the compound. Such labeled
compounds of the present invention are also included in the
present invention. For example, when the compound of the
present invention is labeled with *®F, any position of the side
chain may be labeled with '®F, or hydrogen on the ring may be
substituted with '°F. For example, hydrogen contained in
anyone of alkyl substituents may be substituted with *F.
Also, when the compound of the present invention is labeled
with ''C, carbon contained in any one of alkyl substituents in
the side chain may be substituted with ''C. Although it is
obvious to a person with an ordinary skill in the art, m of
#°mT¢ denotes a nuclear isomer in a quasi-stable state.

Radionuclides used in the compounds according to the
present invention are generated on an instrument termed
cyclotron or generator. A person with an ordinary skill in the
art can select methods and instruments for production
depending upon nuclides to be produced. Nuclides thus pro-
duced can be used to label the compounds of the present
invention.

Methods of producing labeled compounds, which have
been labeled with these radionuclides, are well known in the
art. Typical methods include chemical synthesis, isotope
exchange, and biosynthesis processes. Chemical synthesis
processes have been traditionally and widely employed, and
are essentially the same as usual chemical synthesis pro-
cesses, except that radioactive starting materials are used.
Various nuclides are introduced into compounds by these
chemical processes. Isotope exchanging processes are pro-
cesses by which *H, *°S, '*°I or the like contained in a com-
pound of a simple structure is transferred into compound
having a complex structure, thereby obtaining a compound
having a complex structure that has been labeled with these
nuclide. Biosynthesis processes are processes by which a
compound labeled with **C, S or the like is given to cells
such as microorganisms to obtain its metabolites having these
nuclide introduced therein.

With respect to the labeling position, similarly to usual
synthesis, synthetic schemes can be designed, depending
upon the purpose, so that a label can be introduced at a desired
position. Such design is well known to a person with ordinary
skill in the art.

When utilizing positron emitting nuclides such as *'C, *N,
150 and '®F, which have relatively short half-lives, for
example, itis also possible to generate a desired nuclide from
a (highly) small-sized cyclotron placed in a facility such as
hospital, which in turn is used to label a desired compound at
its desired position by any of the above-described methods,
followed by carrying out immediately diagnosis, examina-
tion, treatment or the like.

These methods well known to a person with ordinary skill
in art, and enable one to carry out labeling by introducing a
desired nuclide into the compound of the present invention at
its desired position.

The compound of the present invention, which has been
labeled, may be administered to subjects locally or systemi-
cally. Routes for administration include intradermal, intrap-
eritoneal, intravenous, intra-arterial injections or infusions
into the spinal fluid and the like, and can be selected depend-
ing on factors such as the disease type, nuclide used, com-
pound used, the condition of the subject, the site to be exam-
ined. The site to be examined can be investigated with means
such as PET, SPECT by administering the probe of the
present invention, followed by the elapse of a sufficient time
to allow its binding to tau protein and decay. These proce-
dures can be selected as appropriate depending on factors
such as the disease type, nuclide used, compound used, the
condition of the subject, the site to be examined.
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The dose of the compound of the present invention, which
has been labeled with a radionuclide, varies depending on the
disease type, nuclide used, compound used, the age, physical
condition, and gender of the subject, the degree ofthe disease,
the site to be examined and the like. In particular, sufficient
care has to be taken about exposure doses to the subject. For
example, the amount of radioactivity of the compound
labeled with a positron emitting nuclide such as *'C, 1*N, 0
and '®F of the present invention, is usually within a range
from 3.7 megabecquerels to 3.7 gigabecquerels, and prefer-
ably from 18 megabecquerels to 740 megabecquerels.

The compound of the present invention or a salt or solvate
thereof is suited for use in a treatment method of tauopathy, a
diagnosis method, a composition for treatment, a composi-
tion for diagnosis, a kit for diagnosis, use for the production of
these compositions and kits, and other uses, which will be
described below. The compounds or salts or solvates thereof
exemplified in the above description about the compounds of
formulae (I) to (VI) are preferable, and those included in the
compound of formula (I) or a salt or solvate thereof are
particularly preferable. Among the compounds of the present
invention, compounds having, as R?, R® or RS in formula (I),

F F
O— or ‘>—\

HO HO o—

are suited for administration to the human body because of
considerably less or scarce accumulation in bone.

The present invention provides a composition for image
diagnosis of tauopathy, containing the compound of the
present invention. The composition of the present invention
contains the compound of the present invention and a phar-
maceutically acceptable carrier. It is preferred that the com-
pound of the present invention in the composition is labeled.
Although various labeling methods are possible as described
above, labeling with radionuclides (in particular, positron
emitting nuclides such as ''C, **N, **O and '*F for PET) is
desirable for in vivo image diagnosis applications. It is pref-
erable from their purposes that the form ofthe composition of
the present invention is one allowing injection or infusion.
Accordingly, a pharmaceutically acceptable carrier is prefer-
ably liquid and examples thereof include, but are not limited
to, aqueous solvents such as potassium phosphate buffer,
physiological saline, ringer solution and distilled water; and
non-aqueous solvents such as polyethylene glycol, vegetable
oil, ethanol, glycerin, dimethylsulfoxide and propylene gly-
col. A mixing ratio of the carrier to the compound of the
present invention can be appropriately selected depending on
the site of application, detection means and the like, and is
usually from 100,000:1 to 2:1, and preferably from 10,000:1
to 10:1. The composition of the present invention may further
contain known antimicrobials (for example, antimicrobial
drug, etc.), local anesthetics (for example, procaine hydro-
chloride, etc.), buffers (for example, Tris-hydrochloride
buffer, HEPES buffer, etc.), osmolytes (for example, glucose,
sorbitol, sodium chloride, etc.) and the like.

Furthermore, the present invention provides a kit for image
diagnosis of tauopathy, containing the compound of the
present invention as the essential ingredient. Usually, the kit is
a package in which each of the components such as the
compound of the present invention, a solvent for dissolving
the compound, a buffer, an osmoregulatory agent, an antimi-
crobial, a local anesthetic are packaged separately into
respective containers, or some of the components are pack-
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aged together into respective containers. The compound of
the present invention may be unlabeled or labeled. When not
labeled, the compound of the present invention can be
labeled, prior to use, by usual methods as described above. In
addition, the compound of the present invention may be pre-
sented as a solid, such as a lyophilized powder, or in solution
in appropriate solvents. Solvents may be similar to carriers
used in the above composition of the present invention. Each
of'the components such as a buffer, an osmoregulatory agent,
an antimicrobial, a local anesthetic, also may be similar to
those used in the above composition of the present invention.
While various containers can be selected as appropriate, they
may be of shapes suitable for carrying out the introduction of
a label into the compound of the present invention, or of
light-shielding materials, depending on the nature of com-
pounds, or take forms such as vials or syringes, so as to be
convenient for administration to patients. The kit may also
contains, as appropriate, tools necessary for diagnosis, for
example, syringes, an infusion set, or device for useina PET
or SPECT apparatus. The kit usually has its instructions
attached thereto.

Furthermore, the compounds of the present invention are
specifically bound to tau protein, and thus the compounds of
the present invention can be also used, for example, for
detecting and quantifying tau protein with or without labeling
by contacting with sample specimens in vitro. For example,
the compounds of the present invention can be used for stain-
ing tau protein in microscopic specimens, for colorimetric
determination of tau protein in samples, or for quantifying tau
protein using a scintillation counter. Preparation of a micro-
scope specimen and staining using the compound of the
present invention can be carried out by a conventional method
known to a person with an ordinary skill in the art.

As described above, the compounds of the present inven-
tion are highly specific to tau protein. Therefore, the com-
pounds of the present invention are useful, for example, for
studies of disease with tau protein accumulation or in their
diagnosis before and after death, and could be useful, for
example, as agents for staining neurofibrillary tangles in brain
sections of Alzheimer’s disease patients. Staining of speci-
mens, for example, brain sections using the compounds of the
present invention can be carried out in a conventional method
known to a person of ordinary skill in the art.

As described above, among the compounds of the present
invention, compounds having, as R?, R® or R® in formula (I):

F F
O— or ‘>—\

HO HO Oo—

may cause considerably less or scarce accumulation in bone.
Accordingly, these compounds of the present invention are
not only considerably safe probes for the diagnosis of tauopa-
thy, but also exhibit high safety even when used as remedies
or preventives described hereinafter.

Accordingly, the present invention is directed to a compo-
sition for staining of amyloid  protein, particularly tau in a
sample, containing the compound of the present invention or
apharmaceutically acceptable salt or solvate thereof, and a kit
for staining of amyloid  protein, particularly tau in a sample,
containing the compound of the present invention or a phar-
maceutically acceptable salt or solvate thereof as essential
ingredients. Furthermore, the present invention is directed to
a method of staining amyloid f§ protein, particularly tau in a
sample, the method comprising using the compound of the
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present invention or a pharmaceutically acceptable salt or
solvate thereof. Samples suited for above staining are brain
sections.

As described above, it has been found that neurotoxicity is
present in amyloid § protein or tau of a $-sheet structure. It is
considered that the compound of the present invention is
specifically bound to amyloid § protein of a 3-sheet structure,
particularly tau, and thus neurotoxicity is inhibited. Accord-
ingly, it is considered that the compound of the present inven-
tion serves as remedies or preventives for causes of a disease,
particularly tauopathy, for example, Alzheimer’s disease
since protein itself has a f-sheet structure.

Accordingly, the present invention provides:

a method of treating and/or preventing diseases with amy-
loid B protein accumulation, particularly tauopathy, the
method comprising administering a compound of the formula
(D or a salt or solvate thereof;

a method of diagnosing diseases with amyloid § protein
accumulation, particularly tauopathy, the method comprising
using a compound of the formula (I) or a salt or solvate
thereof, and

use of a compound of the formula (I) or a salt or solvate
thereof for the production of a composition or kit for the
treatment, prevention or diagnosis of diseases with amyloid
protein accumulation, particularly tauopathy.

Forms of such pharmaceutical compositions are not lim-
ited in particular, but liquid formulations, particularly formu-
lations for injection, are preferable. Such formulations for
injection can be infused directly into the brain, or alterna-
tively the above pharmaceutical compositions can be formu-
lated for intravenous injection or drip and administered, since
the compounds of the present invention have high permeabil-
ity through the blood-brain barrier, as shown in the Examples.
Such liquid formulations can be prepared by methods well
known in the art. Solutions can be prepared, for example, by
dissolving the compound of the present invention in an appro-
priate carrier, water for injection, phisilogical saline, Ringer’s
solution or the like, sterilizing the solution through a filter or
the like, and then filling the sterilized solution into appropri-
ate containers, for example, vials or ampules. Solutions also
can be lyophilized and when used, reconstituted with an
appropriate carrier. Suspensions can be prepared, for
example, by sterilizing the compound of the present inven-
tion, for example, by exposure to ethylene oxide, and then
suspending it in a sterilized liquid carrier.

When such a pharmaceutical composition is used in a
liquid formulation, particularly a formulation for injection, an
injection can be prepared by adding a solubilizing agent to a
quinoline derivative according to the present invention.

It is possible to use, as the solubilizing agent, nonionic
surfactants, cationic surfactants, amphoteric surfactants and
the like used in the art. Among these solubilizing agents,
Polysorbate 80, polyethylene glycol, ethanol or propylene
glycol is preferable, and Polysorbate 80 is more preferable.

The amount of the compounds of the present invention to
be administered to a human subject in the above treatment
method, prevention method and use varies depending on the
condition, gender, age, weight of the patient and the like, and
is generally within a range from 0.1 mgto 1 g, preferably from
1 mgto 100 mg, and more preferably from 5 mg to 50 mg, per
day for adult humans weighing 70 kg. It is possible to conduct
a treatment with such a dose for a specified period of time,
followed by increasing or reducing the dose according to the
outcome.

Furthermore, the compound of the present invention or a
pharmaceutically acceptable salt or solvate thereof can also
be used as a probe for the diagnosis of conformational dis-
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ease, particularly tauopathy, preferably an image diagnosis
probe labeled with aradiation nuclide. Furthermore, the com-
pounds of the present invention have the effect for the treat-
ment and/or prevention of conformational disease, particu-
larly tauopathy.

Accordingly, the present invention is also directed to:

a compound of the present invention used as an image
diagnosis probe of conformational disease, particularly tau-
opathy, or a salt or solvate thereof;

a composition or kit for image diagnosis of conformational
disease, particularly tauopathy, comprising the compound of
the present invention or a salt or solvate thereof;,

a pharmaceutical composition for the prevention and/or
treatment of conformational disease, particularly tauopathy,
comprising a compound of the present invention or a phar-
maceutically acceptable salt or solvate thereof, and a phar-
maceutically acceptable carrier;

a method of diagnosing conformational disease, particu-
larly tauopathy, the method comprising using a compound of
the present invention or a pharmaceutically acceptable salt or
solvate thereof;,

use of a compound of the present invention or a pharma-
ceutically acceptable salt or solvate thereof for the diagnosis
of conformational disease, particularly tauopathy;

a method of preventing and/or treating conformational dis-
ease, particularly tauopathy, the method comprising admin-
istering a compound of the present invention or a pharmaceu-
tically acceptable salt or solvate thereof to the subject;

use of a compound of the present invention or a pharma-
ceutically acceptable salt or solvate thereof for the prevention
and/or treatment of conformational disease, particularly tau-
opathy; and

use of a compound of the present invention in the produc-
tion of a pharmaceutical composition for the prevention and/
or treatment of conformational disease, particularly tauopa-
thy.

The dose of the compounds of the present invention to be
administered to a human subject in the above treatment meth-
ods and prevention methods is as described above.

The compounds of the present invention recognize neu-
rofibrillary tangles containing excessively phosphorylated
tau protein as a constituent ingredient, and thus the com-
pounds can be used as a probe for the detection of neurofibril-
lary tangles, or as an agent for staining neurofibrillary tangles.
Accordingly, the present invention also relates to use of the
compound of the present invention or a salt or solvate thereof
as a probe for detecting neurofibrillary tangles, particularly a
probe for the diagnoasis of images. Examples of compounds
of the present invention which are preferable for staining of
neurofibrillary tangles include THK-5004, THK-5035, THK-
5038, THK-5051, THK-5058, THK-5064, THK-5065, THK-
5066, THK-5071, THK-5077, THK-5078, THK-5105, THK-
5106, THK-5107, THK-5112, THK-5116, THK-5117, THK-
5122 and the like.

Accordingly, the present invention provides a composition
for detecting or staining neurofibrillary tangles, containing
the compound of the present invention or a salt or solvate
thereof;

a kit for detecting or staining neurofibrillary tangles, con-
taining the compound of the present invention or a salt or
solvate thereof;,

a method of detecting or staining neurofibrillary tangles,
which comprises using the compound of the present invention
or a salt or solvate thereof; and

use of the compound of the present invention or a salt or
solvate thereof for the production of a composition for detect-
ing or staining neurofibrillary tangles.
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Methods known in a person with an ordinary skill in the art
can be applied to methods of preparing and staining a sample
specimen in the detection or staining of the above neurofibril-
lary tangles.

Further, the present invention provides a kit for preparing a
compound of the present invention or a pharmaceutically
acceptable salt or solvate thereof, the kit comprising a com-
pound of the present invention or a pharmaceutically accept-
able salt or solvate thereof, a labeling agent, and optionally
instructions for labeling the compound. The labeling agent is,
for example, a radioactive nuclide or a positron emitting

34

nuclide. The radioactive nuclide is, for example, a y-ray emit-
ting nuclide. The positron emitting nuclide is selected from,
for example, the group consisting of *'C, *N, 10, '*F,
35MC1, 76Br, 45Ti, 48\], 60Cu, 61Cu, 62Cu, 64Cu, 66Ga, SQZr,
#4mTe, and '2*1. Preferably, the positron emitting nuclide is
11C or '®F. The labeling agent is an agent that is suitable for
labeling the compound, and is known to those skilled in the
art.

Typical examples of the compound of the formula (I) used
preferably in the present invention are shown below.

TABLE 1-1
THK-5004 AN 2-(4-aminopheny!)-8-(1-
fluoromethyl-2-hydroxyethoxy)
quinoline
P
N
O H
F N~
H
HO
THK-5035 O 2-(4-diethylaminophenyl)-
F A 6-(1-fluoromethy!-2-
hydroxy)quinoline
P
HO N
N /\CH3
kCH3
THK-5038 AN 2-(4-diethylaminophenyl)-
7-(2-fluoromethyl-2-
hydroxyethoxy)quinoline
P
F O N
OH
N /\CH3
kCH3

THK-5051 AN 2-(4-diethylaminophenyl)-

8-(1-fluoromethyl-2-
hydroxyethoxy)quinoline

C

o
F
HO CHj3
TABLE 1-2
THK-5058 F 2-(4-diethylaminophenyl)-
A 7-(1-fluoromethyl-2-
hydroxyethoxy)quinoline
HO Z
O N
N /\CH3

CH;
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TABLE 1-2-continued

THK-5059 OH 2-(4-diethylaminophenyl)-
F 4-(3-fluoro-2-hydroxypropoxy)
quinoline
(0]
X
/
N
N/\CH3
CH;
THK-5064 F 2-(4-diethylaminophenyl)-

5-(1-fluoromethyl-2-
hydroxyethoxy)quinoline

HO
¢}
AN
P
N
N/\CH3
kCH3
THK-5065 F OH 2-(4-diethylaminophenyl)-
3-(1-fluoromethyl-2-
hydroxyethoxy)quinoline
e}
X
P
N
N/\CH3
kCH3
TABLE 1-3
THK-5066 AN 2-(4-diethylaminopheny!)-8-
[(3-fluoro-2-hydroxy)propoxy]
quinoline
E F
) O
O
N/\CH3
OH k
CH;
THK-5071 F, AN 2-(4-fluoromethyl-2-hydroxyethoxy)-
2-(4-dimethylaminophenyl)
quinoline
HO Z
O N
CHj3
N/

CH;
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TABLE 1-3-continued
THK-5077 F 7-(1-fluoromethyl-2-hydroxyethoxy)-
\ 2-(4-methylaminophenyl)
quinoline
HO. =
O N
H

N e

CH;

THK-5078 F 2-(4-ethylmethylaminophenyl)-
X 7-(1-fluoromethyl-2-
hydroxyethoxy)-quinoline

HO Z
O N
CH;z
N/
kCH3
THK-5105 OH 6-[(3-fluoro-2-hydroxy)propoxy]-
2-(4-dimethylaminophenyl)
F O quinoline
X
P
N
CH;
N/
CH;
TABLE 1-4
THK-5106 F AN 7-[(3-fluoro-2-hydroxy)
propoxy]-2-(4-
methylaminophenyl)
Va quinoline
O N
OH H
N/
CH;
THKS5107 7-[(3-fluoro-2-hydroxy)
F = propoxy]-2-(4-
dimethylaminophenyl)
=7 quinoline
O N
OH CH;
N ~
CH;z
THK-5112 AN 2-(4-ethylmethylaminophenyl)-
F 7-[(3-fluoro-2-hydroxy)
propoxy]quinoline
=
O N
OH CH;

/A

CH;



US 9,249,101 B2

39
TABLE 1-4-continued

40

2-(4-aminophenyl)-6-[(3-

THK-5116 OH
fluoro-2-hydroxy)propoxy]
F O quinoline
AN
>
N
H
N -~
H
THK-5117 OH 6-[(3-fluoro-2-hydroxy)
propoxy]-2-(4-
F (0] methylaminophenyl)
A quinoline
F
N
CH;
N/
H
TABLE 1-5
THK-5122 OH 6-[(3-fluoro-2-hydroxy)
propoxy]-2-(4-
O diethylaminophenyl)
A quinoline
F
N
N/\CH3
kCH3
THK-5075 AN 7-amino-2-(4-fluorophenyl)
quinoline
H P
>N N
H
F
THK-5076 AN 2-(4-fluorophenyl)-7-
dimethylaminoquinoline
H =
N N
CH;z
F
THK-5079 H\ P H 5-amino-2-(4-fluorophenyl)

i

quinoline
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TABLE 1-5-continued

THK-5080 H3C\ /CH3 2-(4-fluorophenyl)-5-
N dimethylaminoquinoline
oxalate
I
P
N
F
TABLE 1-6
THK-5081 8-amino-2-(4-fluorophenyl)
quinoline
THK-5082 AN 2-(4-fluoropheny!)-8-
dimethylaminoquinoline
P
N
N
me” cow, F
THK-5086 H 6-amino-2-(4-fluorophenyl)
quinoline
i AN
P
N
F
THK-5087 CH; 2-(4-fluorophenyl)-6-
dimethylaminoquinoline
N
me” X
=
N
F
THK-932 F 2-(2-aminopyrid-5-yl)-7-
I (1-fluoromethyl-2-
hydroxyethoxy)quinoline
HO =z
0 N | A
= H
N N7




US 9,249,101 B2

43
TABLE 1-7

THK-5100 CH; 6-ethylmethylamino-2-(4-
| fluorophenyl)quinoline

H;C N
N AN
Z
N
F
THK-5088 H;C 6-diethylamino-2-(2-
fluoropyrid-5-yl)quinoline
HiC N
N AN
=z
N X
=
N F
THK-5089 AN 8-ethylmethylamino-2-(2-
fluoropyrid-5-yl)
quinoline
F ==
B
N N/ F
jive w
CH;z
THK-5091 CH; 5-ethylamino-2-(2-
) fluoropyrid-5-yl)quinoline
H
N
®
=
N | \
P
N F
TABLE 1-8
THK-5092 CH; CH;3 5-diethylamino-2-(2-
I\ ) fluoropyrid-5-yl)quinoline
N
A
Z
N | I
Z
N F
THK-5097 N 7-diethylamino-2-(2-
| fluoropyrid-5-yl)quinoline
P
me”” SN N | I
) A
HiC N F
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TABLE 1-8-continued

THK-5098 AN 7-ethylmethylamino-2-(2-
| fluoropyrid-5-yl)quinoline
H;C P
~ N N | A
) F
3C N
H
X
F
N

H F
(@)

THK-5125 2-(4-ethylaminopheny!)-6-

[(3-fluoro-2-hydroxy)

F\)\/O‘j\‘\ propoxy]quinoline
H
N/

CH;

TABLE 1-9

THK-5127 OH 2-(2-aminopyrid-5-yl)-

6-[(3-fluoro-2-hydroxy)
F O propoxy]quinoline
\ij\[j\ .

THK-5130 OH 2-(2-diethylaminopyrid-

5-y1)-6-[(3-fluoro-

F\/l\/o 2-hydroxy)propoxy]
AN quinoline
P
o
PN

N CH;

N

CH;

AN
=
N | x
Z
o
H
THK-5151 OH 2-(2-methylaminopyrid-5-
\)\/ y1)-6-[(3-fluoro-2-hydroxy)
F (0] propoxy]quinoline
X
=
N | x
= CH;j
N Il\I/
H
THK-5129 OH 6-[(3-fluoro-2-hydroxy)
\)\/ propoxy]-2-(2-dimethyl-
F O aminopyrid-5-yl)
AN quinoline
P
N | X
/ CH3
N N -
CH;
AN
/
N
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TABLE 1-9-continued

THK-5142 OH 2-(2-ethylaminopyrid-
5-y1)-6-[(3-fluoro-2-

F\)\/O hydroxy)propoxy]
AN quinoline
Z
N | A
P H
N

C

CH;

TABLE 1-10

THK-5177 OH 1-fluoro-3-{2-[4-(4-methyl
piperazin-1-yl)phenyl]quinolin-

F\)\/O 6-yloxy)propan-2-ol
AN
P
N
N /\

THK-5178 OH 1-fluoro-3-{2-[6-(piperazin-1-
yl)pyridin-3-yl]quinolin-6-

F\)\/O yloxy }propan-2-ol
A
P
N
AN
P a

THK-5180 OH 1-fluoro-3-{2-[6-(4-methyl

piperazin-1-yl)pyridin-3-

®
P
N
F\)\/O yl]quinolin-6-yloxy}
propan-2-ol
N | \
=
N

QO

TABLE 1-11

THK-5136 OH 6-[(3-fluoro-2-hydroxy)
propoxy]-2-(4-methyl-3,4-

F\)\/O dihydro-2H-pyrido[3,2-b]
AN [1,4]oxazin-7-yl)
quinoline
P O
N | X
P
o

CH,
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TABLE 1-11-continued
THK-5153 OH 6-[(3-fluoro-2-hydroxy)
propoxy]-2-(1-methyl-
F (0] 1,2,3,4-tetrahydroquinolin-
AN 6-yl)quinoline
.
N
N
CH;
THK-5157 OH 6-[(3-fluoro-2-hydroxy-1,1-
dimethyl)propoxy]-2-(1-
F (0] methyl-1,2,3 4-tetrahydro-
AN quinolin-6-yl)quinoline
H;C CH; =
N
N
CH;3
TABLE 1-12
THK-5128 CH;z 2-(4-amino-3-fluorophenyl)-
| 6-dimethylaminoquinoline
N
me” AN
= F
N
H
N -~
THK-5147 CHj3 OH 2-[4-(amino)-3-[(3-fluoro-
2-hydroxy)propoxy Jphenyl]-
N F 6-methylaminoquinoline
il A
P O
N
H
N rd
H
THK-5148 CH; OH 2-[3-(3-fluoro-2-hydroxy-1,1-
H;C dimethyl)propoxy]-4-
P N F  (dimethylamino)-phenyl]-6-
H;C AN H;C dimethylaminoquinoline
P O
N
CH;3
N e

50
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TABLE 1-12-continued
THK-5155 H OH 6-amino-2-[4-(amino)-3-[(3-
fluoro-2-hydroxy)propoxy]
N F phenyl]quinoline
i X
= (0]
N
H
N ~
TABLE 1-13
THK-5156 CH; OH 2-[3-[(3-fluoro-2-hydroxy)
| propoxy]-4-(dimethyl-
N F amino)phenyl]-6-
cte < I dimethylaminoquinoline
P O
N
CH;3
N 7~
CH;z
THK-5158 CH3 OH 2-[3-[(3-fluoro-2-hydroxy)
propoxy]-4-(methylamino)-
N F phenyl]-6-methylamino-
ol A quinoline
= (0]
N
CH;
N 7~
H
THK-5159 CH;3 OH 2-[4-(amino)-3-[(3-fluoro-
| 2-hydroxy)propoxy]
N F phenyl]-6-
H;C - AN dimethylaminoquinoline
= O
N
H
N e
H
THK-5160 H OH 6-amino-2-[3-[(3-fluoro-
2-hydroxy)propoxy]-4-

F  (dimethylamino)phenyl]-

N
H/ x quinoline
/
N

CH;

e}

CH;
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TABLE 1-13-continued
THK-5161 CHj OH 2-[3-[(3-fluoro-2-hydroxy)
propoxy]-4-(dimethyl-
N F amino)phenyl]-6-
ol N methylaminoquinoline
Z (0]
N
CH;
N e
CH;z
TABLE 1-14
THK-5162 CH; 2-[3-[2-[2-(2-fluoro
ethoxy)ethoxy]ethoxy-
N 4-(methylamino)phenyl]-
H;C - O I 6-dimethylaminoquinoline
O O
N/ \/\O/\/ \/\ F
H
Ir/
CH;
THK-5164 CH; oH 2-[3-[(3-fluoro-2-
hydroxy)propoxy]-4-
N F (methylamino)phenyl]-
cte < A 6-dimethylaminoquinoline
= (0]
N
H
N e
CH;3
THK-5165 H OH 6-amino-2-[3-[(3-fluoro-
2-hydroxy)propoxy]-4-
N F (methylamino)phenyl]-
ol A quinoline
= O
N
H
N/
CH;
TABLE 1-15
THK-5154 CH; oH 2-[3-[(3-fluoro-2-
hydroxy)propoxy]-2-
N F (dimethylamino)pyrid-5-
me” AN y1]-6-dimethylamino-
quinoline
P O
N | X
= CH;
N Iil/

CH;
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TABLE 1-15-continued
THK-5166 on 2-[3-[(3-fluoro-2-
hydroxy)propoxy]-2-
F (dimethylamino)pyrid-5-
x yl]quinoline
P e}
N
CH,
N -
CH;
TABLE 1-16
6-[(3-fluoro-2-hydroxy)

propoxy]-2-(6-fluoro-

THK-5170 OH
F\)\/O pyridin-3-yl)quinoline
\

Z
\

6-[(3-fluoro-2-hydroxy)
propoxy]-2-(4-
methoxyphenyl)
quinoline

THK-5171

\ /

OCH;

6-[(3-fluoro-2-hydroxy)
propoxy]-2-[4-

OH
F\)\/O
THK-5172 OH
F\)\/O (hydroxymethyl)phenyl]
quinoline
OH
F\)\/O

\_/

OH

6-[(3-fluoro-2-hydroxy)
propoxy]-2-(4-
ethanonephenyl)
quinoline

THK-5173

N\ /

6-[(3-fluoro-2-hydroxy)
propoxy]-2-(6-

THK-5174 OH
F\)\/O methoxypyridin-3-yl)
x quinoline

A\
\ /
\
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TABLE 1-17

58

THK-5175 OH

\_/

THK-5176 OH

\_/

THK-5179 OH

\_/

THK-5181

oH
F\)\/O

\_/

THK-5182

OH
F\)\/O

6-[(3-fluoro-2-hydroxy)
propoxy]-2-(4-
ethoxyphenyl)
quinoline

0 N

6-[(3-fluoro-2-hydroxy)
propoxy]-2-(4-
amino-3-methoxypheny!)
quinoline

NH,

6-[(3-fluoro-2-hydroxy)
propoxy]-2-(benzamido-
4-yl)quinoline

NH,

6-[(3-fluoro-2-hydroxy)
propoxy]-2-(3-
aminophenyl)quinoline

6-[(3-fluoro-2-hydroxy)
propoxy]-2-(1-
methyl-pyrazol-4-yl)
quinoline

Typical examples of the compound of formula (I') used
preferably in the present invention are shown below. Among
these compounds, THK-5039 can be used as a synthetic pre-
cursor of THK-5035, THK-5041 can be used as a synthetic
precursor of THK-5004, THK-5050 can be used as a synthetic
precursor of THK-5051, THK-5070 can be used as a synthetic
precursor of THK-5066, THK-5072 can be used as a synthetic
precursor of THK-5058, THK-5073 can be used as a synthetic
precursor of THK-5038, THK-5090 can be used as a synthetic
precursor of THK-5071, THK-5095 can be used as a synthetic
precursor of THK-5077, THK-5096 can be used as a synthetic
precursor of THK-5078, THK-5099 can be used as a synthetic
precursor of THK-5064, THK-5111 canbe used as a synthetic
precursor of THK-5112, THK-5113 can be used as a synthetic

55

precursor of THK-5106, THK-5115 can be used as a synthetic
precursor of THK-5107, THK-5119 can be used as a synthetic
precursor of THK-5117, THK-5120 can be used as a synthetic
precursor of THK-5122, THK-5121 can be used as a synthetic
precursor of THK-5105, THK-5123 can be used as a synthetic
precursor of THK-5116, THK-5131 can be used as a synthetic
precursor of THK-5125, THK-5150 can be used as a synthetic
precursor of THK-5127, THK-5152 can be used as a synthetic
precursor of THK-5151, THK-5135 can be used as a synthetic
precursor of THK-5129, THK-5138 can be used as a synthetic
precursor of THK-5130, THK-5143 can be used as a synthetic
precursor of THK-5142, THK-5163 can be used as a synthetic
precursor of THK-5164, THK-5167 can be used as a synthetic
precursor of THK-5136, and THK-5168 can be used as a
synthetic precursor of THK-5156.
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TABLE 2-1
THK-5039 T40 o 2-(4-diethylaminophenyl)-
AN 6-[(2-hydroxy-1-tosyloxymethyl)
ethoxy]quinoline
HO =
N
N /\CH3
kCH3
THK-5041 AN 2-(4-aminopheny!)-8-(2-hydroxy-
1-tosyloxymethylethoxy)
quinoline
P
N
O H
Ts0 N~
H
HO
TABLE 2-2
2-(4-diethylaminophenyl)-

THK-5050
\ 8-(2-hydroxy-1-tosyloxy
methylethoxy)quinoline

=
N
O
TsO N/\CH3
HO kCH3
THK-5070 AN 2-(4-diethylaminophenyl)-
8-[[2-(tetrahydro-2H-
pyran-2-yloxy)-3-tosyloxy]
OTs N/ propoxy]quinoline
O
N/\CH3

CH;

OTHP k
2-(4-diethylaminophenyl)-
7-(2-hydroxy-1-tosyloxy

THK-5072 TsO
x
methylethoxy)quinoline
HO, =
O N

N/\CH3

kCH3

2-(4-diethylaminophenyl)-
7-[[(2-(tetrahydro-2H-
pyran-2-yloxy)-3-tosyloxy]

AN
‘ / TOPOXY. uinoline
'BO//~\\T//\\O N Illlii o
OTHP
T::A\\CHs

THK-5073

CH;
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TABLE 2-2-continued

62

THK-5090

THK-5095

THK-5096

TsO. A
HO. Z
O N

TsO.
AN
HO /
O N

TsO AN
HO. =
O N

CH;

CH;

CH;

l lel/\cm

CH;

7-(2-hydroxy-1-tosyloxy-
methylethoxy)-2-(4-
dimethylaminophenyl)
quinoline

7-(2-hydroxy-1-tosyloxy-
methylethoxy)-2-(4-methyl
aminophenyl)quinoline

2-(4-ethylmethylamino-

phenyl)-7-(2-hydroxy-1-

tosyloxymethylethoxy)
quinoline

TABLE 2-3

THK-5099

THK-5111

THK-5113

HO

TsO

TsO

OTHP

OTHP

\_/
\_/

N\ /

N CH;

CH;

CH;

/A

CH;

CH;

2-(4-diethylaminophenyl)-
5-(2-hydroxy-1-tosyloxy
methylethoxy)quinoline

2-(4-ethylmethylaminophenyl)-
7-[[2-(tetrahydro-2H-
pyran-2-yloxy)-3-tosyloxy]
propoxy]quinoline

2-(4-methylaminophenyl)-
7-[[2-(tetrahydro-2H-
pyran-2-yloxy)-3-
tosyloxy]propoxy]quinoline



US 9,249,101 B2

63
TABLE 2-3-continued

64

THK-5115

TsO

THK-5119

TsO.

THK-5120

TsO

O

OTHP CH;

N/

CH;

OTHP

O

CH;

n‘
P
N
‘1‘
P
N
OTHP

O\(i‘\

O P

N

N e,

2-(4-dimethylaminophenyl)-
7-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy]propoxy]
quinoline

2-(4-methylaminophenyl)-
6-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy]propoxy]
quinoline

2-(4-diethylaminophenyl)-
6-[[2-(tetrahydro-2H-pyran-
2-yloxy)-3-tosyloxy]propoxy]
quinoline

TABLE 2-4

THK-5121

TsO

THK-5123

TsO

OTHP

2-(4-dimethylaminophenyl)-

6-[[2-(tetrahydro-2H-pyran-

o
AN
=
N
CH
N

CH;

OTHP

2-yloxy)-3-tosyloxy]propoxy]

quinoline

2-(4-aminophenyl)-6-[[2-

(tetrahydro-2H-pyran-2-

© AN
Z
N
/H

Z,

yloxy)-3-tosyloxy]propoxy]

quinoline
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TABLE 2-5

THK-5131 OTHP 2-(4-ethylaminophenyl)-
6-[[2-(tetrahydro-2H-

TSO\)\/O pyran-2-yloxy)-3-
\ tosyloxy]propoxy]
quinoline
=
N
g /\CH3

THK-5150 OTHP 2-(2-aminopyrid-5-yl)-
6-[[2-(tetrahydro-2H-pyran-

TSO\)\/O 2-yloxy)-3-tosyloxy]propoxy]
A quinoline
P
N | x
Z H
N N7

|
H

THK-5152 OTHP 2-(2-methylaminopyrid-
5-y1)-6-[[2-(tetrahydro-2H-

TSO\)\/O pyran-2-yloxy)-3-tosyloxy]
propoxy]quinoline
/CH3

|
H
THK-5135 OTHP

2-(2-dimethylaminopyrid-
5-y1)-6-[[2-(tetrahydro-2H-

\
N | I
Z
N
TSO\)\/O pyran-2-yloxy)-3-tosyloxy]
x propoxy]quinoline
N | \
P a CH;
N -~
®
Z
N
AN
Z
N

CH;

N
THK-5138 OTHP 2-(2-diethylaminopyrid-

5-y1)-6-[[2-(tetrahydro-2H-

TSO\)\/O pyran-2-yloxy)-3-tosyloxy]
A propoxy]quinoline
F
N
/\CH3

N

CH;

THK-5143 OTHP 2-(2-ethylaminopyrid-

5-y1)-6-[[2-(tetrahydro-2H-

TSO\)\/O pyran-2-yloxy)-3-tosyloxy]
propoxy]quinoline
N
_ H

N

.

CH;
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TABLE 2-6
THK-5163 CH; OTHP 2-[4-(methylamino)-
3-[[2-(tetrahydro-2H-
N OTs pyran-2-yloxy)-3-
H;C < A tosyloxy]propoxy]
phenyl]-6-dimethyl-
= 0] aminoquinoline
N
H
N/
CH;
THK-5167 OTHP 6-[[2-(tetrahydro-2H-
pyran-2-yloxy)-tosyloxy]
TsO. O propoxy]-2-(4-methyl-
x 3,4-dihydro-2H-pyrido
[3,2-b][1,4]oxazin-7-yl)
= O quinoline
N | \
=
S
CH;
THK-5168 CH; OTHP 2-[4-(dimethylamino)-
3-[[2-(tetrahydro-2H-
N OTs pyran-2-yloxy)-
H;C - I 3-tosyloxy]propoxy]
phenyl]-6-dimethyl-
= O aminoquinoline
N
CH;
N/
CH;

The present invention will be descried in more detail and dd: double doublet
specifically below by way of Examples, but the present inven- ddd: double double doublet
tion is not limited to the Examples. 40 .

t: triplet
EXAMPLE 1 dt: double triplet
q: quartet

Synthesis of the Compounds of the Present Invention

Silica gel BW300 manufactured by Fuji Silysia Chemical 45 m: multiplet

Ltd. was used in silica gel column chromatography of br: broad
Examples. Chromatorex NH-DM 1020 manufactured by Fuji J: coupling constant
Silysia Chemical Ltd. was used in basic silica gel column Hyz:
. . o 7: hertz
chromatography using an amino group-bonded type silica s,
gel. CDCl;: deuterated chloroform
'H-NMR was measured using UNITY INOVAS500 (500 DMSO-d,: deuterated dimethylsulfoxide

MHz) manufactured by VARIAN, INM-L.A400 (400 MHz)
manufactured by JEOL, Ltd. and Gemini 2000 (300 MHz)
tetramethylsilane manufactured by VARIAN as standard sub- 55
stances, and all d values were measured by ppm.

Mass spectrum was measured by atmospheric pressure
chemical ionization (APCI) using LCQ-Advantage manufac- on
tured by ThermoQuest or SSQ-7000C manufactured by F
FinniganMAT. 60

Infrared spectra were measured using a Paragon1000 FT-

IR manufactured by Perkin-Elmer, and B-545 manufactured A Bn0O
by BUCHI was used for the measurement of a melting point. 2

Meanings of abbreviations in the measurement of NMR are
shown below. 65

s: singlet OH

d: doublet

Synthesis Examples and Label Example of the compounds
of the present invention are shown below.

Synthesis Method of THK-5004

i
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-continued
1
AN
=
N
AN
4
P
N OH

F /j/
BnO

3

O
AN
Z
NZ N0S0,CF;
O
F/j/

BnO

5
x
Z
N
—_—
(0]
F NHBoc

BnO
7

I
F

N

(0]
F NH,
HO
THK-5004
Synthesis of 3

To a mixture of 1 (1.29 g, 8.0 mmol), 2 (1.66 g, 9.0 mmol),
triphenylphosphine (2.36 g, 9.0 mmol) and tetrahydrofuran
(20 ml), a tetrahydrofuran (10 ml) solution of diisopropyl
azodicarboxylate (1.82 g, 9.0 mmol) was added dropwise
under ice cooling and stirring, and the mixture was stirred at
room temperature for 16 hours. The solvent of the reaction
solution was distilled off under reduced pressure and the
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=2/3) to obtain 3
(2.62 g, 100%) as a pale yellow oily substance.

10

15

20
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30

35

40

45

50

55

60

65

70
Synthesis of 5

To a methylene chloride (20 ml) solution of 3 (2.62 g, 8.0
mmol)and 4 (2.2 g, 10.4 mmol), a methylene chloride (10 ml)
solution of trifluoromethanesulfonic anhydride (2.7 g, 9.6
mmol) was added dropwise under ice cooling and stirring,
and the mixed solution was stirred at room temperature for 16
hours. 4 (2.2 g, 10.4 mmol) and trifluoromethanesulfonic
anhydride (2.7 g, 9.6 mmol) were added, followed by further
stirring at room temperature for 16 hours. To the reaction
solution, ice water was added and the solution was extracted
with chloroform. The extraction liquid was dried and the
solvent was distilled off under reduced pressure, and then the
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=20/1) to obtain 5
(1.47 g, 40%) as a colorless oily substance.

APCI-MS m/z 460[M+H]*
Synthesis of 7

To a mixture of 5 (1.45 g, 3.15 mmol), 6a (1.00 g, 3.15
mmol) and 1,2-dimethoxyethane (20 ml), an aqueous 2M
sodium carbonate solution (3.5 ml, 7.0 mmol) and tetraki-
striphenylphosphine palladium (146 mg, 0.126 mmol) were
added and the mixture was heated at reflux for 16 hours under
an argon atmosphere. The reaction solution was allowed to
return to room temperature and the solvent was distilled off
under reduced pressure, and then water was added to the
residue and the solution was extracted with chloroform. The
extraction liquid was dried and the solvent was distilled off
under reduced pressure, and then the residue was purified by
silica gel column chromatography (eluting solvent: n-hexane/
ethyl acetate=9/1) to obtain 7 (1.55 g, 98%) as a pale yellow
foam-like substance.

APCI-MS m/z 503[M+H]*
Synthesis of THK-5004

To a mixture of 7 (1.54 g, 3.0 mmol) and anisole (0.98 ml),
methanesulfonic acid (4.9 ml) was added and the mixture was
stirred at room temperature for 16 hours. To the reaction
solution, ice water was added and the solution was made basic
with an aqueous potassium carbonate solution and then
extracted with chloroform. The extraction liquid was dried
and the solvent was distilled off under reduced pressure, the
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=2/1—3/2—1/4) and
then washed with diisopropylether to obtain THK-5004 (593
mg, 62%) as a yellow solid.

mp 97-100° C., 'H NMR (400 MHz, CDCI,)8 3.70-3.80
(2H, m), 3.80-3.90 (2H, brs), 4.40-4.50 (1H, m), 4.70 to 5.00
(2H, m), 6.29 (1H, t, J=6.4 Hz), 6.75-6.85 (2H, m), 7.49 (1H,
t, J=7.6 Hz), 7.59 (1H, d, J=7.6 Hz), 7.82 (1H, d, J=8.8 Hz),
7.92 (2H, d, J=8.8 Hz), 8.19 (1H, d, J=8.8 Hz)

IR (Nujol) 1600 cm™

APCI-MS m/z 313[M+H]*
Synthesis Method of THK-5035
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Synthesis of 9

To an N,N-dimethylformamide (50 ml) suspension of 8
(3.00 g, 18.6 mmol), potassium carbonate (2.83 g, 20.5
mmol) and benzyl chloride (2.25 ml, 19.6 mmol) were added
and the mixture was stirred at 105° C. for 1 hour. The reaction
solution was allowed to return to room temperature and water
was added, and then the solution was extracted with warm
ethyl acetate. The extraction liquid was washed with water
and dried, and then solvent was concentrated to about 100 ml
under reduced pressure. After being allowed to cool, the
precipitated crystal was collected by filtration and then dried
to obtain 9 (2.66 g, 57%) as colorless crystals.

mp 220-221° C., IR (Nujol) 1661, 1623 cm™"

APCI-MS m/z 252[M+H]*

Synthesis of 10

To a methylene chloride (70 ml) suspension of 9 (2.66 g,
10.6 mmol) and 4 (3.04 g, 14.8 mmol), trifluoromethane-
sulfonic anhydride (2.14 ml, 12.7 mmol) was added dropwise
under ice cooling and stirring, and the mixture was stirred at
room temperature for 2 hours. 4 (1.52 g, 7.41 mmol) and
trifluoromethanesulfonic anhydride (1.07 ml, 6.35 mmol)
were added, followed by further stirring at room temperature
for 3 days. Water was added to the reaction solution and the
solution was extracted with ethyl acetate. The extraction liq-
uid was washed with water and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: n-hexane/ethyl acetate=20/1, 9/1) and then recrystal-
lized from ethyl acetate-n-hexane to obtain 10 (3.75 g, 92%)
as a colorless crystal.

mp 109.5-110° C., APCI-MS m/z 384[M+H]*

Synthesis of 11

To amixture of 10(2.19 g, 5.7 mmol), 6 (1.65 g, 6.0 mmol)
and 1,2-dimethoxyethane (20 ml), an aqueous 2M sodium
carbonate solution (5.5 ml, 11 mmol) and tetrakistriph-
enylphosphine palladium (277 mg, 0.240 mmol) were added
and the mixture was stirred under an argon atmosphere at 90°
C. for 16 hours. The reaction solution was allowed to return to
room temperature and insolubles were removed by filtration
and then washed with chloroform. The filtrate and the wash
were combined and the mixture was extracted with chloro-
form. The extraction liquid was washed with saturated saline
and then dried, and the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: chloroform) to obtain 11 (1.86
g, 85%) as an orange solid.

APCI-MS m/z 383[M+H]*

Synthesis of 12

To a mixture of 11 (1.85 g, 4.84 mmol) and anisole (1 ml),
methanesulfonic acid (5 ml) was added and the mixture was
stirred at room temperature for 30 minutes. To the reaction
solution, ice water was added and the solution was washed
with ethyl acetate. The aqueous layer was made basic with
sodium hydrogen carbonate and extracted with chloroform-
tetrahydrofuran. The extraction liquid was dried and the sol-
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vent was distilled off under reduced pressure, and then the
residue was washed with n-hexane to obtain 12 (1.25 g, 88%)
as an orange solid.

APCI-MS m/z 293[M+H]*
Synthesis of 13

To a mixture of 12 (468 mg, 1.6 mmol), 2 (354 mg, 1.9
mmol), triphenylphosphine (504 mg, 1.9 mmol) and tetrahy-
drofuran (20 ml), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (388 mg, 1.9 mmol) was added
dropwise under ice cooling and stirring, and the mixture was
stirred at room temperature for 16 hours. Triphenylphosphine
(150 mg, 0.57 mmol) and diisopropyl azodicarboxylate (120
mg, 0.59 mmol) were added, followed by further stirring at
room temperature for 2 hours. The solvent of the reaction
solution was distilled off under reduced pressure and the
residue was purified by silica gel column chromatography
(eluting solvent: chloroform) to obtain 13 (733 mg, 100%) as
an orange solid.
Synthesis of 14

To a mixture of 13 (733 mg, 1.6 mmol) and anisole (1 ml),
methanesulfonic acid (5 ml) was added under ice cooling and
stirring, and the mixture was stirred at room temperature for
50 minutes. To the reaction solution, ice water (40 ml) was
added and the solution was washed with ethyl acetate. The
aqueous layer was made basic with potassium carbonate and
extracted with chloroform. The extraction liquid was dried
and the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: chloroform/methanol=99/1) and then
washed with diisopropylether to obtain 14 (400 mg, 68%) as
a yellow solid.

APCI-MS m/z 369[M+H]*
Synthesis of THK-5035

To an ethanol (10 ml) solution of 14 (400 mg, 1.09 mmol),
4M HCl/ethyl acetate (1 ml, 4 mmol) was added and the
solvent was distilled off under reduced pressure. The residue
was washed with diethyl ether and then recrystallized from
isopropanol-acetone to obtain THK-5035 (368 mg, 84%) as
orange crystals.

mp 207-209° C., "H NMR (400 MHz, DMSO-ds+D,0) 8
2.53 (6H, t, J=7.0 Hz), 3.52 (4H, q, J=7.0 Hz), 4.6-4.9 (3H,
m),6.99(2H, d, J=8.5Hz),7.7-7.8 (2H, m), 8.13 (2H, d, ]=9.1
Hz), 8.27 (2H, d, J=9.1 Hz), 8.71 (1H, d, J=9.1 Hz)

IR (Nujol) 1595, 1460, 1216 cm™!

APCI-MS m/z 369[M+H]*
Synthesis Method of THK-5038
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Synthesis of 17

To a mixture of 15 (1.00 g, 6.21 mmol), 16 (1.55 g, 7.45
mmol), triphenylphosphine (1.95 g, 7.45 mmol) and tetrahy-
drofuran (80 ml), diisopropyl azodicarboxylate (1.48 ml, 7.45
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 16 hours.
The solvent of the reaction solution was distilled off under
reduced pressure and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/2) to obtain 17 (1.80 g, 82%) as a pale pink solid.

mp 132-135° C., APCI-MS nv/z 352[M+H]*
Synthesis of 18

To a methylene chloride (25 ml) solutionof 17 (1.80 g, 5.12
mmol) and 4 (1.47 g, 7.17 mmol), trifluoromethanesulfonic
anhydride (1.03 ml, 6.14 mmol) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 70 minutes. Water was added to the reaction
solution and the solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane—n-hexane/ethyl acetate=50/
1—30/1) to obtain 18 (2.09 g, 84%) as a pale pink oily
substance.

APCI-MS m/z 484[M+H]*
Synthesis of 19

To a mixture of 18 (1.20 g, 2.48 mmol), 6 (680 mg, 2.48
mmol) and 1,2-dimethoxyethane (30 ml), potassium carbon-
ate (1.03 g, 7.44 mmol) and water (0.62 ml) were added, and
tetrakistriphenylphosphine palladium (124 mg, 0.124 mmol)
was added under an argon atmosphere, followed by stirring at
80° C. for 2.5 hours. The reaction solution was allowed to
return to room temperature, water was added and the solution
was extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: n-hexane/
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ethyl acetate=20/1) and then recrystallized from n-hexane to
obtain 19 (700 mg, 59%) as pale yellow crystals.

mp 102-102.5° C., APCI-MS m/z 483[M+H]"
Synthesis of THK-5038

To a tetrahydrofuran (10 ml) solution of 19 (700 mg, 1.45
mmol), 1M tetra-n-butylammonium fluoride/tetrahydrofuran
(1.45 ml, 1.45 mmol) was added and the mixture was stirred
at room temperature for 1 hour. Water was added to the
reaction solution and the solution was extracted with ethyl
acetate. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: n-hexane/ethyl acetate=2/1)
and then recrystallized from ethyl acetate-n-hexane to obtain
THK-5038 (482 mg, 90%).

mp 110-110.5° C., 'H NMR (500 MHz, DMSO-d,) 8 1.14
(6H, t, I=7.0 Hz), 3.42 (4H, q, ]=7.0 Hz), 4.10-4.19 (3H, m),
4.45 to 4.64 (2H, m), 5.55 (1H, d, J=4.8 Hz), 6.78 (2H, d,
J=9.0 Hz), 7.12 (1H, dd, I=8.7, 2.6 Hz), 7.35 (1H, d, ]=2.6
Hz),7.81 (1H, d, J=9.0Hz), 7.85 (1H, d, ]=9.0 Hz), 8.10 (2H,
d, J=9.0 Hz), 8.21 (1H, d, J=9.0 Hz)

IR (Nujol) 1622, 1596 cm™!

APCI-MS m/z 369[M+H]*
Synthesis Method of THK-5039
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Synthesis of 21

To a mixture of 12 (400 mg, 1.37 mmol), 20 (592 mg, 1.64
mmol), triphenylphosphine (431 mg, 1.64 mmol) and tetrahy-
drofuran (20 ml), diisopropyl azodicarboxylate (0.325 ml,
1.64 mmol) was added dropwise under ice cooling and stir-
ring, and the mixture was stirred at room temperature for 16
hours. 20 (592 mg, 1.64 mmol), triphenylphosphine (431 mg,
1.64 mmol) and tetrahydrofuran (10 ml) were added, fol-
lowed by further stirring at room temperature for 24 hours.
The solvent of the reaction solution was distilled off under
reduced pressure and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/9) to obtain 21 (870 mg, 100%) as a yellow oily
substance.

APCI-MS m/z 635[M+H]*
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Synthesis of THK-5039

To a chloroform (12 ml) solution of 21 (870 mg, 1.37
mmol), trifluoroacetic acid (8 ml) and then water (2 ml) were
added dropwise under ice cooling and stirring, and the mix-
ture was stirred at room temperature for 1.5 hours. To the
reaction solution, ice water and ethyl acetate were added, and
the solution was extracted with ethyl acetate after adjusting
the pH to 9 using an aqueous potassium carbonate solution.
The extraction liquid was washed with water and dried, and
then the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=4/1, 2/1) and then
recrystallized from ethyl acetate-n-hexane to obtain THK-
5039 (219 mg, 31%).

mp 119-120° C., ' H NMR (500 MHz, DMSO-dy) 8 1.14
(6H,t,J=7.0Hz), 2.33 (3H,s), 3.42 (4H,q,J=7.0Hz), 4.07 (SH,
m), 5.62 (1H,d,J=4.8Hz), 6.78 (2H,d,J=9.0Hz), 7.21 (2H,m),
7.40 (2H,d,J=8.0Hz), 7.78 (2H,d,J=8.0Hz), 7.86 (1H/d,
J=8.0Hz), 7.97 (1H,d,J=8.7Hz), 8.07 (2H,d,J=8.7Hz), 8.20
(1H,d,J=8.7Hz)

APCI-MS m/z 521[M+H]*

Synthesis Method of THK-5050
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Synthesis of 23

To a mixture of 1 (2.00 g, 12.4 mmol), 22 (4.06 g, 14.9
mmol), triphenylphosphine (3.91 g, 14.9 mmol) and tetrahy-
drofuran (40 ml), diisopropyl azodicarboxylate (2.95ml, 14.9
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 3 days.
The solvent of the reaction solution was distilled off under
reduced pressure and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/4, 2/3) to obtain 23 (3.45 g, 67%) as a pale yellow
oily substance.

APCI-MS m/z 416[M+H]*

Synthesis of 24

To amethylene chloride (40 ml) solution 0f 23 (3.44 g, 8.28
mmol) and 4 (2.38 g, 11.6 mmol), trifluoromethanesulfonic
anhydride (1.67 ml, 9.94 mmol) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1 hour. Water was added to the reaction solu-
tion and the solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane—n-hexane/ethyl acetate=9/1) to
obtain 24 (4.16 g, 92%) as a colorless oily substance.

APCI-MS m/z 548[M+H]*
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Synthesis of 25

To a mixture of 24 (2.00 g, 3.65 mmol), 6 (1.01 g, 3.65
mmol) and 1,2-dimethoxyethane (30 ml), potassium carbon-
ate (1.51 g, 11 mmol) and water (0.63 ml) were added, and
tetrakistriphenylphosphine palladium (210 mg, 0.183 mmol)
was added under an argon atmosphere and the mixture was
stirred at 80° C. for 2 hours. The reaction solution was
allowed to return to room temperature and water was added,
and then solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=9/1) to obtain 25
(1.95 g, 98%) as a pale yellow oily substance.

APCI-MS m/z 547[M+H]*
Synthesis of 26

To a mixture of 25 (1.94 g, 3.55 mmol) and anisole (3 ml),
methanesulfonic acid (9 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at room
temperature for 20 minutes. To the reaction solution, ice
water and then ethyl acetate were added, and the solution was
extracted with ethyl acetate after adjusting the pH to 9 using
an aqueous potassium carbonate solution. The extraction lig-
uid was washed with saturated saline and dried, and then the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluting
solvent: n-hexane/ethyl acetate=4/1—1/2—1/3) to obtain 26
(1.22 g, 94%) as a yellow powder.

APCI-MS m/z 367[M+H]*
Synthesis of 27

To a 1,2-dimethoxyethane (120 ml) solution 026 (1.36 g,
3.71 mmol), paratoluenesulfonic anhydride (1.21 g, 3.71
mmol) and triethylamine (0.78 ml, 5.57 mmol) were added
and the mixture was stirred at room temperature for 16 hours.
The reaction solution was washed with saturated saline and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: n-hexane/ethyl acetate=3/1) to
obtain 27 (500 mg, 26%) as an orange foam-like substance.
Synthesis of THK-5050

27 (638 mg, 1.23 mmol) was dissolved in ethyl acetate and
the solution was subjected to short silica gel column chroma-
tography (eluting solvent: ethyl acetate) to remove an origin
substance. After dissolving by adding oxalic acid (221 mg,
2.45 mmol) to the eluate, the solvent was concentrated to
about 100 ml under reduced pressure. After dissolving the
precipitate by adding ethanol (100 ml), the solvent was con-
centrated to about 100 ml under reduced pressure. Insolubles
were removed by filtration and the filtrate was concentrated to
about 50 ml under reduced pressure. Isopropanol (50 ml) was
added and the solvent was concentrated under reduced pres-
sure to precipitate a crystal. After standing at 5° C. for 16
hours, the precipitated crystals were collected by filtration
and dried to obtain THK-5050 (520 mg, 69%) as orange
crystals.

mp 124-125° C., '"H NMR (400 MHz, DMSO-dy) 8 1.15
(6H,t,J=7.0Hz), 2.30 (3H,s), 3.50 (4H,q,J=7.0Hz), 3.82-3.88
(2H,m), 4.42 t0 4.49 (1H,m), 4.85 (1H,dd,J=14, 3.0Hz), 4.92
(1H,dd,J=14, 9.4Hz), 6.93 (2H,d,J=9.1Hz), 7.15 (2H,d,
J=7.9Hz), 7.46 (2H,d,J=7.9Hz), 7.66-7.70 (3H,m), 7.85 (1H,
t,J=8.2Hz), 7.93 (1H,dd,J=8.2,1.2Hz), 8.06 (1H,d,J=9.0Hz),
8.95 (1H,d,J=9.0Hz)

IR (Nujol) 1633, 1590 cm™*

APCI-MS m/z 521[M+H]*
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Synthesis Method of THK-5051
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Synthesis of 29

To a mixture of 28 (894 mg, 2.30 mmol), 6 (706 mg, 2.57
mmol) and 1,2-dimethoxyethane (10 ml), an aqueous 2M
sodium carbonate solution (2.5 ml, 5.0 mmol) and tetraki-
striphenylphosphine palladium (119 mg, 0.10 mmol) were
added under an argon atmosphere and the mixture was stirred
at 90° C. for 2 hours. The reaction solution was allowed to
return to room temperature and insolubles were removed by
filtration, and then the solution was washed with chloroform.
The filtrate and the wash were combined and the mixture was
extracted with chloroform. The extraction liquid was dried
and the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=9/1—4/1) to obtain
29 (880 mg, 100%) as a pale yellow oily substance.

APCI-MS m/z 383 [M+H]"
Synthesis of 30

To a mixture of 29 (880 mg, 2.30 mmol) and anisole (1 ml),
methanesulfonic acid (5 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at room
temperature for 1 hour. To the reaction solution, ice water was
added and the solution was washed with ethyl acetate. The
aqueous layer was extracted with chloroform after adjusting
the pH to 9 using an aqueous saturated sodium hydrogen
carbonate solution. The extraction liquid was dried and the
solvent was distilled off under reduced pressure to obtain 30
(670 mg, 100%) as a yellow oily substance.

APCI-MS m/z 293[M+H]*
Synthesis of 31

To a mixture of 30 (670 mg, 2.3 mmol), 2 (516 mg, 2.8
mmol), triphenylphosphine (918 mg, 3.5 mmol) and tetrahy-
drofuran (10 ml), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (708 mg, 3.5 mmol) was added
dropwise under ice cooling and stirring, and the mixture was
stirred at room temperature for 16 hours. The solvent of the
reaction solution was distilled off under reduced pressure and
the residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/19—1/9)to obtain
31 (780 mg, 73%) as a pale green oily substance.

APCI-MS m/z 459[M+H]*
Synthesis of 32

To a mixture of 31 (775 mg, 1.69 mmol) and anisole (1 ml),
methanesulfonic acid (5 ml) was added under ice cooling and
stirring, and the mixture was stirred at room temperature for
1.5 hours. To the reaction solution, ice water was added and
the solution was washed with ethyl acetate. The aqueous layer
was made basic with an aqueous saturated sodium hydrogen
carbonate solution and extracted with chloroform. The
extraction liquid was dried and the solvent was distilled off
under reduced pressure, and then the residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/4) to obtain 32 (608 mg, 97%) as an
orange oily substance.

APCI-MS m/z 369[M+H]*
Synthesis of THK-5051

To an acetone solution of 32 (576 mg, 1.56 mmol), oxalic
acid (281 mg, 3.12 mmol) was added to form an oxalate,
which was recrystallized from methanol-diethyl ether to
obtain THK-5051 (414 mg, 53%) as orange crystals.

mp 126-128° C., "H NMR (400 MHz,DMSO-ds+D,0) 8
1.15 (6H,t,J=7.0Hz), 3.44 (4H,q,J=7.0Hz), 3.6-3.8 (1H,m),
47 to 49 (3H,m), 6.84 (2H,d,J=9.0Hz), 7.39 (1H/d,
J=7.4Hz), 7.44 (1H,t,J=7.7Hz), 7.60 (1H,d,J=7.7Hz), 8.05
(1H,d,J=9.0Hz), 8.12 (2H,d,J=9.0Hz), 8.35 (1H,d,J=9.0Hz)

APCI-MS m/z 369[M+H]*
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Synthesis of 33

To a mixture of 15 (1.00 g, 6.2 mmol), 2 (1.37 g, 7.45
mmol), triphenylphosphine (1.95 g, 7.45 mmol) and tetrahy-
drofuran (50 ml), diisopropyl azodicarboxylate (1.48 ml, 7.45
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 16 hours.
To the reaction solution, 2 (0.67 g, 3.73 mmol), triph-
enylphosphine (0.98 g, 3.73 mmol), tetrahydrofuran (10 ml)
and diisopropyl azodicarboxylate (0.74 ml, 3.73 mmol) were
added, followed by further stirring at room temperature for 6
hours. The solvent of the reaction solution was distilled off
under reduced pressure and the residue was purified by silica
gel column chromatography (eluting solvent: chloroform,
chloroform/methanol/concentrated ammonia water=50/1/
0.1)to obtain 33 (1.66 g, 82%) as a pale brown oily substance.

APCI-MS m/z 328[M+H]*

Synthesis of 34

To a methylene chloride (25 ml) solution of 33 (1.65 g, 5.0
mmol) and 4 (1.45 g, 7.06 mmol), trifluoromethanesulfonic
anhydride (1.02 ml, 6.05 mmol) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 2 hours. 4 (0.21 g, 1.01 mmol) and trifluo-
romethanesulfonic anhydride (0.17 ml, 1.01 mmol) were
added, followed by further stirring at room temperature for 30
minutes. To the reaction solution, ice water was added and the
solution was extracted with ethyl acetate. The extraction liq-
uid was washed with water and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: n-hexane, n-hexane/ethyl acetate=4/1) to obtain 34
(1.94 g, 84%) as a colorless solid.

mp 81-82° C., APCI-MS m/z 460[M+H]*
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Synthesis of 35

To a mixture of 34 (1.00 g, 2.18 mmol), 6 (0.6 g, 2.18
mmol) and 1,2-dimethoxyethane (18 ml), potassium carbon-
ate (0.90 g, 6.54 mmol), water (0.38 ml) and tetrakistriph-
enylphosphine palladium (130 mg, 0.109 mmol) were added
under an argon atmosphere and the mixture was stirred at 80°
C. for 1.5 hours. The reaction solution was allowed to return
to room temperature and water was added, and the solution
was extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: n-hexane/
ethyl acetate=9/1, 6/1) to obtain 35 (1.00 g, 100%) as a pale
yellow oily substance.

APCI-MS m/z 459[M+H]*
Synthesis of THK-5058

To a mixture of 35 (0.99 g, 2.16 mmol) and anisole (3 ml),
methanesulfonic acid (9 ml) was added under ice cooling and
stirring, and the mixture was stirred at room temperature for
1 hour. To the reaction solution, ice water and then ethyl
acetate were added. The solution was made basic with an
aqueous potassium carbonate solution and extracted with
ethyl acetate. The extraction liquid was dried and the solvent
was distilled off under reduced pressure, and then the residue
was purified by silica gel column chromatography (eluting
solvent: n-hexane/ethyl acetate=4/1, 2/1) and then washed
with n-hexane/ethyl acetate (4/1) to obtain THK-5058 (636
mg, 80%) as pale yellow crystals.

mp 89-90° C., "HNMR (500 MHz, DMSO-d,) 8 1.14 (6H,
t,J=7.0Hz), 3.42 (4H,q,J=7.0Hz), 3.65-3.77 (2H,m), 4.65-
4.87 (3H,m), 5.14 (1H,t,J=5.6Hz), 6.78 (2H,d,]=8.7Hz), 7.17
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(1H,dd,J=8.8, 2.4Hz), 7.47 (1H.d,J=2.4 Hz), 7.82 (1H.d,
J=8.Hz),7.85 (11,d,J=8.Hz), 8.10 (2H.d,]=8.8Hz), 8.21 (11,

d,J=8.8Hz)
IR (Nujol) 1598 cm™!
APCI-MS m/z 369[M+H]*
Synthesis Method of THK-5059
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-continued
F

HO

/
N
THK-5059

Synthesis of 37

To a mixture of 36 (1.68 g, 4.38 mmol), 6 (1.21 g, 4.38
mmol) and 1,2-dimethoxyethane (36 ml), potassium carbon-
ate (1.82 g, 13.2 mmol), water (0.76 ml) and tetrakistriph-
enylphosphine palladium (250 mg, 0.22 mmol) were added
under an argon atmosphere and the mixture was stirred at 80°
C. for 1.5 hours. The reaction solution was allowed to return
to room temperature and water was added, and the solution
was extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: n-hexane/
ethyl acetate=20/1, 9/1) to obtain 37 (1.73 g) as a pale yellow
oily substance.

APCI-MS m/z 383[M+H]*
Synthesis of 38

To a mixture of 37 (1.73 g) and anisole (4 ml), methane-
sulfonic acid (12 ml) was added under ice cooling and stir-
ring, and the mixture was stirred at room temperature for 3
days. To the reaction solution, ice water and then ethyl acetate
were added. The solution was made basic with an aqueous
potassium carbonate solution and extracted with ethyl
acetate. The extraction liquid was dried and the solvent was
distilled off under reduced pressure, and then the residue was
washed with n-hexane/ethyl acetate (1/1) and then dried to
obtain 38 (1.20 g, 94% from 36) as pale yellow crystals.

mp 290-291° C., APCI-MS m/z 293[M+H]*
Synthesis of 39

To a mixture of 38 (600 mg, 2.05 mmol), 2 (454 mg, 2.46
mmol), triphenylphosphine (646 mg, 2.46 mmol) and tetrahy-
drofuran (20 ml), diisopropyl azodicarboxylate (0.49 ml, 2.46
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 16 hours.
The solvent of the reaction solution was distilled off under
reduced pressure and the residue was purified by silica gel
column chromatography (eluting solvent: n-hexane/ethyl
acetate=9/1) to obtain 39 (940 mg, 100%) as a pale yellow
oily substance.

APCI-MS m/z 459[M+H]*
Synthesis of 40

To a mixture 0f 39 (940 mg, 2.05 mmol) and anisole (2 ml),
methanesulfonic acid (6 ml) was added under ice cooling and
stirring, and the mixture was stirred at room temperature for
10 minutes. To the reaction solution, ice water and then ethyl
acetate were added. The solution was made basic with an
aqueous potassium carbonate solution and extracted with
ethyl acetate. The extraction liquid was dried and the solvent
was distilled off under reduced pressure, and then the residue
was purified by silica gel column chromatography (eluting
solvent: n-hexane/ethyl acetate=4/1, 2/1) and then recrystal-
lized from ethyl acetate to obtain 40 (627 mg, 83%) as pale
yellow crystals.

mp 146-147° C., APCI-MS m/z 369[M+H]*
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Synthesis of THK-5059

To an ethyl acetate (100 ml) solution of 40 (700 mg, 1.90
mmol), an ethyl acetate suspension (10 g/20 ml) of silica gel
was added and the mixture was stirred at room temperature
for 3 days. The silica gel was removed by filtration and the
solution was washed with ethyl acetate. The filtrate and the
wash were combined and the solvent was distilled off under
reduced pressure. The residue was recrystallized from n-hex-
ane/ethyl acetate (1/1) to obtain THK-5059 (484 mg, 69%) as
pale yellow crystals.

mp 155-155.5° C., 'H NMR (400 MHz, DMSO-d) 3 1.15
(6H,t,J=7.0Hz), 3.42 (4H,q.J=7.0Hz), 4.19-4.41 (3H.m),
461 (10,ddd,J=48, 9.7,5.0Hz), 4.65(1H.ddd.J=48,10,
4.5Hz), 5.64 (1H,d,J=5.4Hz), 6.77 (2H,d,]=9.1Hz), 7.42 (11,

s), 7.42-747 (1Hm), 7.66-7.71 (1H,m), 7.89 (1HJ,
J=8.2Hz), 8.10-8.13 3H,m)
IR (Nujol) 3150, 1610 cm™
APCI-MS nvz 369[M+H]"*
Synthesis Method of THK-5064
OH F OBn
OH
x ,
&
N OH
41
x
F F
N
OBn
O 4
@f\/t
F
N OH
42
O\ /
F B N
J -
OBn
O 6
A
F
N OTf
—_—

w

10

15

20

25

30

40

45

50

55

60

65

86

-continued

OH

THK-5064

Synthesis of 42

To a mixture of 41 (520 mg, 3.23 mmol), 2 (710 mg, 3.87
mmol), triphenylphosphine (1.02 g, 3.87 mmol) and tetrahy-
drofuran (30 ml), diisopropyl azodicarboxylate (0.77 ml, 3.87
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 16 hours.
To the reaction solution, 2 (360 mg, 1.94 mmol), triph-
enylphosphine (0.51 g, 1.94 mmol), diisopropyl azodicar-
boxylate (0.38 ml, 1.94 mmol) and tetrahydrofuran (10 ml)
were added, followed by further stirring at room temperature
for 2 hours. The solvent of the reaction solution was distilled
off under reduced pressure and the residue was purified by
silica gel column chromatography (eluting solvent: n-hexane/
ethyl acetate=2/1, 1/1) to obtain 42 (600 mg, 57%) as a pale
brown solid.

APCI-MS m/z 328[ M+H]*
Synthesis of 43

To a methylene chloride (15 ml) solution of 42 (590 mg,
1.80 mmol) and 4 (520 mg, 2.52 mmol), trifluoromethane-
sulfonic anhydride (0.36 ml, 2.16 mmol) was added dropwise
under ice cooling and stirring, and the mixture was stirred at
room temperature for 1 hour. 4 (74 mg, 0.36 mmol) and
trifluoromethanesulfonic anhydride (0.061 ml, 0.37 mmol)
were added, followed by further stirring at room temperature
for 30 minutes. To the reaction solution, ice water was added
and the solution was extracted with ethyl acetate. The extrac-
tion liquid was washed with water and dried, and then the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluting
solvent: n-hexane, n-hexane/ethyl acetate=9/1) to obtain 43
(560 mg, 68%) as a pale yellow oily substance.

APCI-MS m/z 460[M+H]*
Synthesis of 44

To a mixture of 43 (550 mg, 1.20 mmol), 6 (330 mg, 1.20
mmol) and 1,2-dimethoxyethane (20 ml), potassium carbon-
ate (500 mg, 3.59 mmol), water (0.21 ml) and tetrakistriph-
enylphosphine palladium (69 mg, 0.06 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 1.5 hours. The reaction solution was allowed to return
to room temperature, diluted with ethyl acetate and washed
with water. The organic layer was dried and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: n-hex-
ane/ethyl acetate=4/1) to obtain 44 (550 mg, 100%) as a pale
yellow oily substance.

APCI-MS m/z 459[M+H]*
Synthesis of THK-5064

To a mixture of 44 (540 mg, 1.18 mmol) and anisole (1.0
ml), methanesulfonic acid (3.0 ml) was added under ice cool-
ing and stirring, and the mixture was stirred at room tempera-
ture for 20 minutes. To the reaction solution, ice water and
then ethyl acetate were added. The solution was made basic
with an aqueous potassium carbonate solution and extracted
with ethyl acetate. The extraction liquid was washed with
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water and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: n-hexane/ethyl
acetate=4/1)to obtain THK-5064 (403 mg, 93%) as an orange
powder.

'H NMR (500 MHz, DMSO-d,)d 1.14 (6H,tJ=7.0Hz),
3.42 (4H,q.J=7.0Hz), 3.73-3.78 (2H,m), 4.70-4.88 (3H,m),
514 (1H.tJ=53Hz), 6.79 (2H,d,J=9.0Hz), 7.10 (1H.d,

J=7.4Hz), 7.56(1H,d,]=8.7Hz), 7.61 (1H,.,]=8.4Hz), 7.98 |,

(1H,d,J=8.7Hz), 8.11 (2H,d,J=9.0Hz), 8.51 (1H,d,J=9.0Hz)
IR (Nujol) 3400, 1610 cm™!
APCI-MS m/z 369[M+H]*

Synthesis Method of THK-5065

OH
OH
x ,
Z
N OH
45
AN
P
F OBn N
4
0
AN
Z
N OH
46

i

OBn

48

15

25

45

50

55

60

65

88

-continued .

THK-5065

Synthesis of 46

To a mixture 0f45 (3.0 g, 18.6 mmol), 2 (3.5 g, 19.0 mmol),
triphenylphosphine (5.77 g, 22.0 mmol) and tetrahydrofuran
(60 ml), diisopropyl azodicarboxylate (4.45 g, 22.0 mmol)
was added dropwise under ice cooling and stirring, and the
mixture was stirred at room temperature for 16 hours. The
solvent of the reaction solution was distilled off under
reduced pressure and the residue was purified by silica gel
column chromatography (eluting solvent: n-hexane/ethyl
acetate=2/1, 1/1)to obtain 46 (3.0 g, 49%) as a colorless solid.

mp 124-125° C.
Synthesis of 47

To a methylene chloride (20 ml) solution of 46 (2.62 g, 8.0
mmol)and 4 (2.2 g, 10.4 mmol), a methylene chloride (10 ml)
solution of trifluoromethanesulfonic anhydride (2.7 g, 9.6
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 16 hours.
4 (2.2 g, 10.4 mmol) and trifluoromethanesulfonic anhydride
(2.7 g, 9.6 mmol) were added, followed by further stirring at
room temperature for 16 hours. To the reaction solution, ice
water was added and the solution was extracted with chloro-
form. The extraction liquid was dried and the solvent was
distilled off under reduced pressure, and then the residue was
purified by silica gel column chromatography (eluting sol-
vent: n-hexane/ethyl acetate=20/1) to obtain 47 (1.47 g, 40%)
as a colorless oily substance.

APCI-MS m/z 460[M+H]*
Synthesis of 48

To a mixture of 47 (1.20 g, 2.61 mmol), 6 (0.72 g, 2.61
mmol) and 1,2-dimethoxyethane (30 ml), sodium carbonate
(560 mg, 5.28 mmol), water (3 ml) and tetrakistriphenylphos-
phine palladium (150 mg, 0.13 mmol) were added under an
argon atmosphere, and the mixture was heated at reflux for 3
hours. The reaction solution was allowed to return to room
temperature, diluted with ethyl acetate, washed in turn with
water and saturated saline and then dried. The solvent was
distilled oft under reduced pressure and the residue was puri-
fied by silica gel flash column chromatography (eluting sol-
vent: n-hexane/ethyl acetate=8/1, 6/1) to obtain 48 (1.06 g,
88%) as a pale yellow oily substance.

APCI-MS m/z 459[M+H]*
Synthesis of THK-5065

To a mixture 0of48 (1.27 g, 2.77 mmol) and anisole (1.0 ml),
methanesulfonic acid (10 ml) was added and the mixture was
stirred at room temperature for 30 minutes. The reaction
solution was diluted with ethyl acetate and poured into ice
water, followed by liquid separation. The aqueous layer was
made basic with concentrated ammonia water and extracted
with ethyl acetate. The extraction liquid was washed in turn
with water and saturated saline and then dried. The solvent
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was distilled off under reduced pressure and the residue was
recrystallized from diisopropylether to obtain THK-5065
(758 mg, 74%) as pale yellow crystals.

mp 135-136° C., 'H NMR (400 MHz,CDCl,)d 1.20 (6H,
t,J=7.1Hz), 1.95 (1H, br), 3.42 (4H,q,J=7.1Hz), 3.77-3.88
(2H,m), 4.56-4.65(1H,m), 4.65-4.69 (1H,m), 4.77-4.81 (1H,
m), 6.75(2H,d,J=9.0Hz), 7.47 (1H,m), 7.57 (1H,m), 7.61
(1H,s), 7.68 (1H,dd,J=8.2,1.5Hz), 7.93 (2H,d,J=9.0Hz), 8.07
(1H,d,J=8.5Hz)

IR (Nujol) 3200, 1617, 1606 cm™"

APCI-MS m/z 369[M+H]*
OTBS
F/j/

Synthesis Method of THK-5066

N HO
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THK-5066

Synthesis of 49

To a mixture of 30 (648 mg, 2.2 mmol), 16 (559 mg, 2.7
mmol), triphenylphosphine (880 mg, 3.36 mmol) and tetrahy-
drofuran (10 ml), a tetrahydrofuran (5 ml) solution of diiso-
propyl azodicarboxylate (678 mg, 3.36 mmol) was added
dropwise, and the mixture was stirred at room temperature for
16 hours. 16 (447 mg, 2.15 mmol), triphenylphosphine (700
mg, 2.67 mmol) and diisopropyl azodicarboxylate (542 mg,
2.68 mmol) were added, followed by further stirring at room
temperature for 16 hours. The solvent of the reaction solution
was distilled off under reduced pressure and the residue was
purified by silica gel flash column chromatography (eluting
solvent: ethyl acetate/n-hexane=1/9)to obtain an oily product
(1.24 g). To the obtained oily product, tetrahydrofuran (8 ml)
and tetrabutylammonium fluoride (2.2 ml/1M tetrahydrofu-
ran solution) were added, followed by stirring at room tem-
perature for 1 hour. The solvent of the reaction solution was
distilled off under reduced pressure and the residue was dis-
solved in chloroform. The solution was washed with an aque-
ous saturated sodium hydrogen carbonate solution and dried.
The solvent of the organic layer was distilled off under
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reduced pressure and the residue was purified by silica gel
flash column chromatography (eluting solvent: ethyl acetate/
n-hexane=1/19—1/9—1/4—1/2) to obtain 49 (497 mg, 61%)
as a pale yellow foam-like substance.

APCI-MS m/z 369[M+H]*
Synthesis of THK-5066

To an acetone (10 ml) solution of 49 (494 mg, 1.30 mmol),
oxalic acid (181 mg, 2.01 mmol) was added to form an
oxalate. Acetone was distilled off under reduced pressure and
the residue was crystallized from diethyl ether to obtain THK-
5066 (584 mg, 87%) as a dark orange solid.

'H NMR (500 MHzDMSO-d,)d 1.15(6H,q,J=7.0Hz),
3.43 (411,q,J=7.0Hz), 4.15-4.30 (3H.,m), 4.6-4.8 (2H,m), 6.81
(21,d.J=9.0Hz), 7.24 (11, d, I=7.7Hz), 7.40 (1H.,t,]=7.7Hz),
749 (1H,dJ=7.7Hz), 8.03 (1M,d.J=8.6Hz)8.14(2H.d,
J=9.0Hz), 8.27 (1H,d,J=8.6Hz)

IR (Nujol) 1592, 1461 cm™

APCI-MS m/z 369[M+H]*

Synthesis Method of THK-5070
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THK-5070
Synthesis of 50

To a N,N-dimethylformamide (20 ml) suspension of 1
(2.00 g, 12.4 mmol), thionyl chloride (3.56 ml, 49.6 mmol)
was added dropwise under ice cooling and stirring, and the
mixture was stirred at room temperature for 2 hours, and then
thionyl chloride (3.56 ml, 49.6 mmol) was added, followed by
further stirring at 50° C. for 3.5 hours. The reaction solution
was allowed to return to room temperature, poured into ice
water and extracted with ethyl acetate. The extraction liquid
was washed with water and dried, and then the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/20) to obtain 50 (1.72 g, 77%) as a pale
yellow solid.

mp 79-80° C., APCI-MS m/z 180/182[M+H]*

Synthesis of 52

To a mixture of 50 (1.71 g, 9.52 mmol), 51 (1.51 g, 11.4
mmol), triphenylphosphine (3.00 g, 11.4 mmol) and tetrahy-
drofuran (50 ml), diisopropyl azodicarboxylate (2.27ml, 11.4
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 16 hours.
The solvent of the reaction solution was distilled off under
reduced pressure and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/19, 1/9) to obtain 52 (2.05 g, 73%) as a colorless
solid.

mp 94-95° C., APCI-MS m/z 294/296[M+H]*

Synthesis of 53

To a mixture of 52 (600 mg, 2.04 mmol), 6 (560 mg, 2.04
mmol) and 1,2-dimethoxyethane (20 ml), potassium carbon-
ate (850 mg, 6.12 mmol), water (0.36 ml), tetrakistriph-
enylphosphine palladium (120 mg, 0.102 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
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C. for 16 hours. The reaction solution was allowed to return to
room temperature, and water and ethyl acetate were added
and insolubles were removed by filtration with celite, fol-
lowed by liquid separation of the filtrate. The organic layer
was washed with water and dried, and then the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9) to obtain 53 (820 mg, 98%) as a pale
yellow solid.

mp 87-89° C.
Synthesis of 54

A mixture of 53 (820 mg, 2.02 mmol), methanol (50 ml)
and 1N hydrochloric acid (2.02 ml) was stirred at 70° C. for 1
hour. The reaction solution was allowed to return to room
temperature and neutralized with sodium hydrogen carbon-
ate, and then ethyl acetate and sodium sulfate were added,
followed by stirring at room temperature. Insolubles were
removed by filtration and the solvent of the filtrate was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/1, ethyl acetate) to obtain 54 (720 mg,
97%) as a pale yellow foam-like substance.

Synthesis of 55

To a pyridine (5 ml)-tetrahydrofuran (5 ml) solution of 54
(480 mg, 1.31 mmol), a tetrahydrofuran (5 ml) solution of
paratoluenesulfonic anhydride (641 mg, 1.97 mmol) was
added dropwise over 20 minutes under ice cooling and stir-
ring, and the mixture was stirred at the same temperature for
10 minutes. To the reaction solution, methanol was added and
the solvent was distilled off under reduced pressure, and then
toluene containing triethylamine was added and the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/2, 1/1) to obtain 55 (340 mg,
50%) as a yellow foam-like substance.

Synthesis of THK-5070

To a tetrahydrofuran (20 ml) solution of 55 (390 mg, 0.749
mmol), 3,4-dihydro-2H-pyran (0.204 ml, 2.25 mmol) and
paratoluenesulfonic acid monohydrate (168 mg, 0.976 mmol)
were added, and the mixture was stirred at room temperature
for 18 hours, and then 3,4-dihydro-2H-pyran (0.475 ml, 5.24
mmol) was added, followed by further stirring at room tem-
perature for 24 hours. The reaction solution was neutralized
with triethylamine and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=1/2) and then purified by NH silica gel column chroma-
tography (eluting solvent: ethyl acetate/n-hexane=1/1) and
crystallized from methanol (15 ml) to obtain THK-5070 (96
mg, 21%) as pale yellow crystals.

mp 80-81° C.
IR (Nujol) 1597 cm™*, APCI-MS m/z 605[M+H]*
Synthesis Method of THK-5071
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THK-5071

Synthesis of 57

To a mixture of 34 (735 mg, 1.6 mmol), 56 (435 mg, 1.76
mmol) and 1,2-dimethoxyethane (8 ml), an aqueous 2M
sodium carbonate solution (1.6 ml, 3.2 mmol) and tetraki-
striphenylphosphine palladium (92 mg, 0.08 mmol) were
added under an argon atmosphere, and the mixture was stirred
at 90° C. for 16 hours. The reaction solution was allowed to
return to room temperature and insolubles were removed by
filtration, and the solution was washed with chloroform. The
filtrate and the wash were combined and the mixture was
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel flash column
chromatography (eluting solvent: ethyl acetate/n-hexane=1/
5, 1/2) to obtain 57 (678 mg, 98%) as a pale yellow oily
substance.

APCI-MS m/z 431[M+H]*
Synthesis of THK-5071

To a mixture of 57 (638 mg, 1.48 mmol) and anisole (5 ml),
methanesulfonic acid (1 ml) was added under ice cooling and
stirring, and the mixture was stirred at room temperature for
30 minutes. To the reaction solution, ice water was added and
the solution was washed with ethyl acetate. The aqueous layer
was made basic with potassium carbonate and extracted with
chloroform. The extraction liquid was dried and the solvent
was distilled off under reduced pressure, and then the residue
was purified by silica gel flash column chromatography (elut-
ing solvent: ethyl acetate/n-hexane=1/4) and then washed
with diisopropylether-chloroform to obtain THK-5071 (394
mg, 78%) as a yellow solid.

mp 134-135.5° C., 'H NMR (500 MHz,DMS0-d,)33.01
(6H,s), 3.7-3.8 (2H, m), 4.7-4.9 (3H,m), 6.84 (2H,d,J=9Hz),
7.18 (1H,dd,J=8.7,2.3Hz), 7.48 (1H,d,J=2.3Hz), 7.83 (1H,d,
J=9Hz), 7.88 (1H,d,J=8.7Hz), 8.13 (2H,d,J=9Hz), 8.23 (1H,
d,J=8.4Hz)

IR (Nujol) 1597, 1505, 1202 cm ™,

APCI-MS m/z 341[M+H]*
Synthesis Method of THK-5072
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Synthesis of 58

To an N,N-dimethylformamide (30 ml) suspension of 15
(2.87 g, 17.81 mmol), thionyl chloride (5.11 ml, 71.23 mmol)
was added dropwise under ice cooling and stirring, and the
mixture was stirred at room temperature for 30 minutes, fol-
lowed by stirring at 70° C. for 30 minutes. The reaction
solution was allowed to return to room temperature, poured
into ice water and extracted with ethyl acetate. The extraction
liquid was washed with water and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/1, ethyl acetate) to obtain 58
(3.04 g, 95%) as a brownish solid.

APCI-MS m/z 180/182[M+H]*
Synthesis of 59

To a tetrahydrofuran (30 ml) solution of 58 (1.50 g, 8.35
mmol) and ethyl vinyl ether (1.21 g, 16.7 mmol), a paratolu-
enesulfonic acid pyridine salt (210 mg, 0.84 mmol) was
added, and the mixture was stirred at room temperature for 16
hours. After the pH of the reaction solution was adjusted to 8
using triethylamine, the solvent was distilled off under
reduced pressure and the residue was purified by silica gel
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column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/20, 1/3) to obtain 59 (1.91 g, 91%) as a pink oily
substance.

APCI-MS m/z 252[M+H]*

Synthesis of 60

To a 1,2-dimethoxyethane (62 ml) solution of 59 (1.90 g,
7.55 mmol) and 6 (2.08 g, 7.55 mmol), potassium carbonate
(3.13 g, 22.65 mmol), water (1.31 ml) and tetrakistriph-
enylphosphine palladium (436 mg, 0.38 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 27 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/19) and then recrystallized from ethyl
acetate-n-hexane (1/9) to obtain 60 (1.50 g, 54%) as yellow
crystals.

mp 86-87° C.

APCI-MS m/z 365[M+H]*

Synthesis of 61

To amethylene chloride (12 ml) solution of 60 (1.50 g, 4.12
mmol), trifluoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 15 minutes. To the reaction solution, ice
water and ethyl acetate were added and extracted with ethyl
acetate after adjusting the pHto 9 using an aqueous potassium
carbonate solution. The extraction liquid was washed with
water and dried, and then the solvent was distilled off under
reduced pressure. The residue was recrystallized from ethyl
acetate-n-hexane to obtain 61 (1.13 g, 94%) as yellow crys-
tals.

mp 223-224° C.

APCI-MS m/z 293[M+H]*

Synthesis of THK-5072

To a mixture of 61 (500 mg, 1.71 mmol), 62 (690 mg, 2.05
mmol), triphenylphosphine (540 mg, 2.05 mmol) and tetrahy-
drofuran (25 ml), diisopropyl azodicarboxylate (0.41 ml, 2.05
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 16 hours.
To the reaction solution, 62 (690 mg, 2.05 mmol), triph-
enylphosphine (540 mg, 2.05 mmol) and tetrahydrofuran (5
ml) were added under ice cooling and stirring, and diisopro-
py! azodicarboxylate (0.41 ml, 2.05 mmol) was added drop-
wise, followed by further stirring at room temperature for 6
hours. The solvent of the reaction solution was distilled off
under reduced pressure and the residue was purified by silica
gel column chromatography (eluting solvent: ethyl acetate/
n-hexane=1/4)to obtain a pale yellow oily substance (1.47 g).
To an anisole (4 ml) solution of the present product, meth-
anesulfonic acid (12 ml) was added dropwise under ice cool-
ing and stirring, followed by stirring at room temperature for
15 minutes. The reaction solution was poured into ice water
and ethyl acetate was added, and the solution was extracted
with ethyl acetate after adjusting the pH to 9 using an aqueous
potassium carbonate solution. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9, 1/1) to obtain THK-5072 (620 mg,
69%) as a yellow foam-like substance.

'HNMR (400 MHz,DMSO-d,)81.15(6H,t,]=7.3Hz), 2.33
(3H,s), 3.43 (4H,9,J=7.3Hz), 3.57-3.71 (2H,m), 4.30 (1H,dd,
J=11, 5.7Hz), 4.38 (1H, dd, =11, 3.0Hz), 4.71-4.77 (1H,m),
511 (1H,tJ=5.6Hz), 6.79 (2H,d,J=9.1Hz), 7.01 (1H.,dd,
J=8.8,2.4Hz), 732 (1H,d,J=2.1Hz), 7.39 (2H,d,J=8.2Hz),
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7.75(2H,d,J=8.5Hz), 7.78 (1H,d,J=8.8Hz), 7.85(1H/d,
J=8.5Hz), 8.10 (2H,d,J=9.1Hz), 8.21 (1H,d,J=8.8Hz)
IR (Nujol) 1619, 1593 cm™,
APCI-MS m/z 521[M+H]*
Synthesis Method of THK-5073
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Synthesis of 64

To a tetrahydrofuran (45 ml) solution of 61 (630 mg, 2.16
mmol), 63 (932 mg, 2.59 mmol) and triphenylphosphine (678
mg, 2.59 mmol), diisopropyl azodicarboxylate (0.513 ml,
2.59 mmol) was added dropwise under ice cooling and stir-
ring, and the mixture was stirred at room temperature for 16
hours. To the reaction solution, 63 (788 mg, 2.18 mmol),
triphenylphosphine (573 mg, 2.18 mmol) and tetrahydrofu-
ran (5 ml) were added under ice cooling and stirring, and
diisopropyl azodicarboxylate (0.433 ml, 2.18 mmol) was
added dropwise, followed by further stirring at room tem-
perature for 3 days. The solvent of the reaction solution was
distilled oft under reduced pressure and the residue was puri-
fied by silica gel column chromatography (eluting solvent:
ethyl acetate/n-hexane=1/9) to obtain 64 (720 mg, 53%) as a
pale yellow foam-like substance.

APCI-MS m/z 635[M+H]*
Synthesis of 65

To a methylene chloride (12 ml) solution of 64 (710 mg,
1.12 mmol), trifluoroacetic acid (8 ml) was added dropwise
under ice cooling and stirring, and water (2 ml) was added and
the mixture was stirred at room temperature for 5.5 hours. To
the reaction solution, ice water and ethyl acetate were added
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and the solution was extracted with ethyl acetate after adjust-
ing the pH to 8 using an aqueous saturated sodium hydrogen
carbonate solution. The extraction liquid was washed with
water and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=1/4, 1/2) to obtain 65 (520 mg, 85%) as a yellow foam-
like substance.

APCI-MS m/z 221[M+H]*
Synthesis of THK-5073

To a methylene chloride (60 ml) solution of 65 (290 mg,
0.557 mmol), 3,4-dihydro-2H-pyran (0.51 ml, 5.6 mmol) and
a paratoluenesulfonic acid pyridine salt (182 mg, 0.724
mmol) were added, and the mixture was stirred at room
temperature for 3 days. To the reaction solution, paratoluene-
sulfonic acid monohydrate (125 mg, 0.724 mmol) and 3,4-
dihydro-2H-pyran (0.51 ml, 5.6 mmol) were added, followed
by further stirring at room temperature for 1 hour. The reac-
tion solution was neutralized with triethylamine and the sol-
vent was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/3, 1/2) to obtain THK-5073
(336 mg, 100%) as a yellow oily substance. "H NMR (500
MHz,DMSO-d)d 1.15(6H,t,J=7.2Hz), 1.36-1.74 (7H,m),
2.34 (3H,s), 3.43 (4H,q,J=7.2Hz), 3.69-3.75, 3.84-3.90 (1H,
m), 4.13-4.37 (SHm), 4.71-4.76, 4.86-4.88 (1H,m), 6.79
(2H,d,J=9.0Hz), 7.04 (1H,dd,J=9.0, 1.9Hz), 7.25-7.29 (1H,
m), 7.39-7.44 (2H,m), 7.77-7.82 (3H,m), 7.86(1H,d,J]=8.7
Hz), 8.11 (2H, d, J=8.7Hz), 8.19-8.25 (1H, m)

APCI-MS m/z 605[M+H]*
Synthesis Method of THK-5077
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enylphosphine palladium (189 mg, 0.16 mmol) were added
under an argon atmosphere, and the mixture was stirred at 90°
C. for 1.5 hours. The reaction solution was allowed to return
to room temperature and insolubles were removed by filtra-
tion, and the solution was washed with chloroform. The fil-
trate and the wash were combined and the mixture was
washed with an aqueous saturated sodium hydrogen carbon-
ate solution and dried, and then the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
flash column chromatography (eluting solvent: ethyl acetate/
n-hexane=1/9, 1/4, 1/2) to obtain 67 (1.70 g, 100%) as a
colorless oily substance.

APCI-MS m/z 517[M+H]*
Synthesis of 68

To a methylene chloride (8 ml) solution of 67 (1.70 g, 3.29
mmol), triffuoroacetic acid (2 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 16 hours. The solvent of the reaction solution
was distilled off under reduced pressure and chloroform was
added. The solution was made basic with an aqueous satu-
rated sodium hydrogen carbonate solution and potassium
carbonate and extracted with chloroform. The extraction lig-
uid was dried and the solvent was distilled off under reduced
pressure, and then the residue was purified by NH silica gel
flash column chromatography (eluting solvent: n-hexane/
ethyl acetate=3/1) to obtain 68 (1.34 g, 97%) as a yellow oily
substance.

APCI-MS m/z 417[M+H]*
Synthesis of THK-5077

To a mixture of 68 (101 mg, 0.243 mmol) and thioanisole
(2 ml), methanesulfonic acid (0.4 ml) was added under ice
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cooling and stirring, and the mixture was stirred at room

To amixture of34 (1.50 g, 3.3 mmol), 66 (1.2 g,3.6 mmol) 65 temperature for 2 hours. To the reaction solution, ice water

and 1,2-dimethoxyethane (15 ml), an aqueous 2M sodium
carbonate solution (3.3 ml, 6.6 mmol) and tetrakistriph-

was added and the solution washed with ethyl acetate. The
ethyl acetate layer was extracted with water, and the extract
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layer and the previous aqueous layer were combined. The
mixture was made basic with potassium carbonate and
extracted with chloroform. The extraction liquid was dried
and the solvent was distilled off under reduced pressure, and
then the residue was purified by NH silica gel flash column
chromatography (eluting solvent: n-hexane/ethyl acetate=2/
1, 1/1, 1/2) and then recrystallized from methanol-diisopro-
pylether to obtain THK-5077 (54 mg, 68%) as a yellow solid.

mp 143.5-145.5° C., 'H NMR (400 MHz, DMSO-d)3
2.75(3H,d,J=4.9Hz), 3.6-3.8 (2H,m),4.6 to 4.9 (3H,m), 5.10
t05.13 (1H,m), 5.12 (1H,q,J=4.9Hz), 6.10 (1H,brs), 6.66(2H,
d,J=9.0Hz), 7.16(1H,dd,J=8.8,2.4Hz), 7.45(1H,d,J=2.4Hz),
7.81 (1H,d,JJ=8.9Hz), 7.84 (1H,d,J=8.8Hz), 8.07 (2H/d,
J=9.0Hz), 8.20 (1H,d,J=7.5Hz)

IR (Nujol) 2854, 1612, 1461 cm™"

APCI-MS m/z 327[M+H]*
Synthesis Method of THK-5078
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Synthesis of 69

A mixture of 68 (637 mg, 1.50 mmol), acetoaldehyde (115
mg, 2.60 mmol), a picoline borane complex (279 mg, 2.60
mmol) and methanol (10 ml)-acetic acid (1 ml) was stirred at
room temperature for 16 hours. Acetoaldehyde (1.15 g, 26
mmol) and a picoline borane complex (279 mg, 2.60 mmol)
were added, followed by further stirring at room temperature
for 16 hours. The solvent of the reaction solution was distilled
off under reduced pressure and aqueous 10% hydrochloric
acid (10 ml) was added to the residue. After stirring at room
temperature for 30 minutes, the solution was made basic by
adding potassium carbonate. The reaction solution was
extracted with chloroform and the extraction liquid was dried,
and the solvent was distilled off under reduced pressure. The
residue was purified by silica gel flash column chromatogra-
phy (eluting solvent: n-hexane/ethyl acetate=4/1) to obtain 69
(640 mg, 94%) as a yellow oily substance.

APCI-MS m/z 445[M+H]*
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Synthesis of THK-5078

To a mixture of 69 (639 mg, 1.44 mmol) and thioanisole (5
ml), methanesulfonic acid (1 ml) was added under ice cooling
and stirring, and the mixture was stirred at room temperature
for 1 hour. To the reaction solution, ice water was added and
the solution was washed with ethyl acetate. The ethyl acetate
layer was extracted with water, and the extraction layer and
the previous aqueous layer were combined. The mixture was
made basic with potassium carbonate and extracted with
chloroform. The extraction liquid was dried and the solvent
was distilled off under reduced pressure, and then the residue
was purified by NH silica gel flash column chromatography
(eluting solvent: n-hexane/ethyl acetate=2/1, 1/1) and then an
oxalate was formed in acetone to obtain THK-5078 (460 mg,
71%) as orange crystals.

mp 134-136° C., '"H NMR (400 Mz, DMSO-d,)$ 1.10
(3M,1,J=7.0Hz), 3.49 (211,q.J=7.0Hz), 3.7-3.8 (2H,m), 4.6-
4.9 (3H,m), 6.83 (2[.,d,J=9.0Hz), 7.20 (111,dd,J=8.8,2.4Hz),
749 (1H,d,J=2.4Hz), 7.85(1H,d.J=9.0Hz), 7.89 (1H.d,
J=7.3Hz),8.11 (2H,d,J=9.0Hz), 8.26(1H.d,]=9.0Hz)

IR (Nujol) 1603, 1458, 1214 cm™*
APCI-MS m/z 355[M+H]*
Synthesis Method of THK-5090
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THK-5090
Synthesis of 70

To a tetrahydrofuran (60 ml) solution of 58 (1.36 g, 7.57
mmol), 22 (2.48 g, 9.09 mmol) and triphenylphosphine (2.38
g, 9.09 mmol), diisopropyl azodicarboxylate (1.8 ml, 9.09
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at room temperature for 16 hours.
To the reaction solution, 22 (1.24 g, 4.55 mmol), triph-
enylphosphine (1.19 g, 4.55 mmol) and tetrahydrofuran (10
ml) were added under ice cooling and stirring, and diisopro-
py! azodicarboxylate (0.9 ml, 4.55 mmol) was added drop-
wise, followed by further stirring at room temperature for 4
hours. The solvent of the reaction solution was distilled off
under reduced pressure and the residue was purified by silica
gel column chromatography (eluting solvent: ethyl acetate/
n-hexane=1/9) to obtain 70 (3.04 g, 93%) as a pale pink oily
substance.

APCI-MS m/z 434[M+H]*

Synthesis of 71

To a 1,2-dimethoxyethane (40 ml) solution of 70 (2.00 g,
4.61 mmol) and 56 (1.14 g, 4.61 mmol), potassium carbonate
(1.91 g, 13.83 mmol), water (0.8 ml) and tetrakistriph-
enylphosphine palladium (270 mg, 0.23 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 2 days. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9) to obtain 71 (1.22 g, 51%) as a yellow
oily substance.

APCI-MS m/z 519 [M+H]+
Synthesis of 72

To a mixture of 71 (1.21 g, 2.33 mmol) and anisole (3 ml),
methanesulfonic acid (9 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at room
temperature for 30 minutes. The reaction solution was poured
into ice water and the solution was extracted with ethyl
acetate-tetrahydrofuran. The extraction liquid was dried and
the solvent was distilled off under reduced pressure, and then
the residue was washed with ethyl acetate-n-hexane (1/2) to
obtain 72 (680 mg, 86%) as yellow crystals.

mp 193-194° C.

APCI-MS m/z 339[M+H]*

Synthesis of THK-5090

To a pyridine (15 ml) solution of 72 (690 mg, 2.04 mmol),
a tetrahydrofuran (15 ml) solution of paratoluenesulfonic
anhydride (1.00 g, 3.06 mmol) was added dropwise over 35
minutes under ice cooling and stirring, and the mixture was
stirred at the same temperature for 30 minutes. To the reaction
solution, ice water was added and the solution was extracted
with ethyl acetate after adjusting the pH to 9 using an aqueous
potassium carbonate solution. The extraction liquid was dried
and the solvent was distilled off under reduced pressure (tolu-
ene azeotrope). The residue was purified by silica gel column
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chromatography (eluting solvent: ethyl acetate/n-hexane=1/
2, 1/1) and then recrystallized from ethyl acetate-n-hexane to
obtain THK-5090 (459 mg, 46%) as pale yellow crystals.

mp 100-102° C., '"H NMR (400 MHz, DMSO-d4)$ 2.33
(3H,s), 3.03 (6H,s), 3.56-3.71 (2H,m), 4.30 (1H,dd,J=11,
6.0Hz), 439 (1H,dd,J=11,2.7Hz), 4.72-4.78 (1H,m), 5.12
(1H,t,J=5.4Hz), 6.84 (2H,d,J=9.1Hz), 7.02 (1H,dd,J=9.1,
2.4Hz), 7.33 (1H,d,J=2.4Hz), 7.39(2H,d,]=7.9Hz), 7.75(2H,
d,J=8.2Hz), 7.79(1H,d,J=9.1Hz), 7.88 (1H,d,J=8.5Hz), 8.13
(2H,d,J=9.1Hz), 8.23 (1H,d,J=7.9Hz)

IR (Nujol) 1731, 1609, 1597 cm™*

APCI-MS m/z 493[M+H]*
Synthesis Method of THK-5075
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Synthesis of THK-5075

A mixture of 73 (1.19 g, 8.74 mmol), 74 (1.06 ml, 8.74
mmol), potassium hydroxide (590 mg, 10.5 mmol) and tolu-
ene (40 ml) was heated at reflux for 16 hours. The reaction
solution was allowed to return to room temperature, and water
and an aqueous saturated ammonium chloride solution were
added and the solution was extracted with ethyl acetate.
Insolubles were removed by filtration with celite. The extrac-
tion liquid was washed with water and dried, and then the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluting
solvent: n-hexane/ethyl acetate=9/1, 2/1) and then recrystal-
lized from ethyl acetate-n-hexane to obtain THK-5075 (737
mg, 35%) as pale yellow crystals.

mp 160-161° C., 'H NMR (500 MHz,DMSO-d,)d 5.80
(2H,s), 6.96-7.00 (2H,m), 7.33 (2H,t,J=8.8Hz), 7.63 (1H,d,
J=9.6Hz), 7.68 (1H,d,J=8.4Hz), 8.11 (1H,d,J=8.4Hz), 8.24
(2H,dd,J=9.0, 5.5Hz)

IR (Nujol) 3388, 1619, 1600 cm™

APCI-MS my/z 239[M+H]*
O, :
F

Synthesis Method of THK-5076
74
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75
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Synthesis of 76

To an ethanol (20 ml) suspension of 75 (1.00 g, 5.15
mmol), an iron powder (1.15 g) and 0.1N hydrochloric acid
(2.58 ml) were added and the mixture was heated at reflux for
16 hours, and then 0.1N hydrochloric acid (7.72 ml) were
added, followed by further heating at reflux for 6 hours. To the
reaction solution, 74 (0.625 ml, 5.15 mmol) and potassium
hydroxide (0.347 g, 6.18 mmol) were added, and the mixture
was heated at reflux for 3 days. The reaction solution was
allowed to return to room temperature and insolubles were
removed by filtration, and the solution was washed with
methanol. The filtrate and the wash were combined and the
solvent was distilled off under reduced pressure. Water was
added to the residue and the solution was extracted with ethyl
acetate. The ethyl acetate layer was extracted with aqueous
10% hydrochloric acid, and the hydrochloric acid extraction
liquid was extracted with ethyl acetate after adjusting the pH
to 9 using an aqueous potassium carbonate solution. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=9/1, 4/1)to obtain 76
(225 mg, 16%) as a yellow oily substance.

APCI-MS m/z 267[M+H]*
Synthesis of THK-5076

To a methanol (20 ml) solution of 76 (540 mg, 2.03 mmol),
4M hydrochloric acid/ethyl acetate (1.02 ml) was added drop-
wise and the solvent was distilled off under reduced pressure.
The residue was recrystallized from ethyl acetate-isopro-
panol to obtain THK-5076 (478 mg) as orange crystals.

mp 250-251° C., 'H NMR (400 MHz, DMSO-d,)8 3.26
(6H,s), 7.46-7.57 (4H,m), 7.85 (1H,d,J=8.2Hz), 8.06 (1H,d,
J=9.4Hz), 8.23 to 8.29 (2H,m), 8.77 (1H,d,J=8.2Hz), 15.0
(1H, br)

IR (Nujol) 1634, 1599 cm™!

APCI-MS m/z 267[M+H]*
Synthesis Method of THK-5079
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THK-5079

Synthesis of 78

To a chloroform (65 ml) solution of 77 (5.00 g, 28.71
mmol), a chloroform (27 ml)-methanol (7 ml) solution of
metachlorobenzoic acid (10.9 g, 63.16 mmol) was added
dropwise at room temperature, and the mixture was stirred at
room temperature for 16 hours. To the reaction solution, an
aqueous sodium thiosulfate solution was added, and the
mixed solution was stirred room temperature for 10 minutes
and extracted with chloroform. The extraction liquid was
washed with an aqueous potassium carbonate solution, puri-
fied as it is by silica gel column chromatography (eluting
solvent: chloroform) and then washed with n-hexane-ethyl
acetate (2/1) to obtain 78 (4.96 g, 91%) as yellow crystals.

mp 164-165° C.

APCI-MS m/z 191[M+H]*
Synthesis of 79

To 78 (4.94 g, 26 mmol), phosphorus oxyschloride (22 ml)
was added dropwise under ice cooling and stirring, and the
mixture was heated at reflux for 3 hours. The reaction solution
was ice-cooled and ice water was added, and then the solution
was made basic with ammonia water and extracted with chlo-
roform. The extraction liquid was washed with saturated
saline and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel flash
column chromatography (eluting solvent: n-hexane/methyl-
ene chloride=2/1, 1/1, 1/2) and then washed with n-hexane to
obtain 79 (2.25 g, 42%) as a pale yellow solid.

APCI-MS m/z 209/211[M+H]*
Synthesis of 81

To amixture of 79 (1.04 g, S mmol), 80 (770 mg, 5.5 mmol)
and 1,2-dimethoxyethane (25 ml), an aqueous 2M sodium
carbonate solution (5 ml, 10 mmol) and tetrakistriph-
enylphosphine palladium (289 mg, 0.25 mmol) were added
under an argon atmosphere, and the mixture was stirred at 90°
C. for 3 hours. The reaction solution was allowed to return to
room temperature and the solvent was distilled oft under
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reduced pressure. To the residue, chloroform was added and
insolubles were removed by filtration, and the solution was
washed with chloroform. The filtrate and the wash were com-
bined and the mixture was washed with saturated saline and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel flash column
chromatography (eluting solvent: methylene chloride/n-hex-
ane=1/1) and then washed with n-hexane to obtain 81 (1.30 g,
97%) as a pale yellow solid.

APCI-MS m/z 269 [M+H]+
Synthesis of THK-5079

A mixtureof 81 (1.29 g, 4.81 mmol), 10% Pd—C (130 mg)
and ethanol (30 ml) was stirred under a hydrogen atmosphere
atroom temperature for 2 hours. The catalyst was removed by
filtration and the solvent of the filtrate was distilled off under
reduced pressure, and then the residue was washed with
n-hexane to obtain THK-5079 (1.087 g, 95%) as a yellowish
orange solid.

mp 105-108° C., 'H NMR (400 MHz,DMSO-d,)85.9-6.3
(2H,brs), 6.70 (1H,dd,J=8, 1Hz), 7.23 (1H,d,J=8Hz), 7.36
(2H,t, I=9Hz), 7.44 (1H,,J=8Hz), 7.98 (1H,d,]=9Hz), 8.31
(2H,dd,J=9, 5Hz), 8.63 (1H,d,J=9Hz)

IR (Nujol) 1614, 1592 cm™

APCI-MS m/z 239[M+H]*

Synthesis Method of THK-5080
NH,
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Synthesis of 82

A mixture of THK-5079 (450 mg, 1.9 mmol), an aqueous
35% formalin solution (0.81 g, 9.4 mmol), a picoline borane
complex (303 mg, 2.8 mmol) and methanol (10 ml)-acetic
acid (1 ml) was stirred at room temperature for 30 minutes
and a picoline borane complex (100 mg, 0.93 mmol) was
added, followed by stirring at room temperature for 30 min-
utes. The solvent of the reaction solution was distilled off
under reduced pressure and aqueous 10% hydrochloric acid
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(5 ml) was added to the residue. After stirring at room tem-
perature for 30 minutes, the solution was made basic by
adding potassium carbonate. The reaction solution was
extracted with chloroform, and the extraction liquid was dried
and the solvent was distilled off under reduced pressure. The
residue was purified by silica gel flash column chromatogra-
phy (eluting solvent:

n-hexane/ethyl acetate=49/1, 19/1) to obtain 82 (465 mg,
92%) as a greenish yellow oily substance.

APCI-MS m/z 267[M+H]*
Synthesis of THK-5080

After dissolving by adding oxalic acid (312 mg, 3.47
mmol) to an acetone (10 ml) solution of 82 (462 mg, 1.73
mmol), the solvent was distilled off under reduced pressure.
The residue was washed with diisopropylether to obtain
THK-5080 (620 mg, 89%) as an orange solid.

mp 118-120° C., 'H NMR (500 MHz,DMSO-d,)d 2.87
(2H,s), 7.15(1H,dd,J=6,1.5Hz). 7.39 (2H,t,J=9Hz), 7.6-7.7
(2H,m), 8.11 (1H,d,J=9Hz), 8.33 (2H,dd,J=9,5Hz), 8.59 (1H,
d,J=9Hz)

IR (Nujol) 1638, 1603 cm™"

APCI-MS m/z 267[M+H]*
Synthesis Method of THK-5081
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Synthesis of 84

A mixture of 83 (4.78 g, 29.84 mmol) and Boc,O (10.28
ml, 44.8 mmol) was stirred at 80° C. for 2 hours, at 100° C. for
1 hour, followed by stirring at 120° C. for 30 minutes. The
reaction solution was purified by silica gel column chroma-
tography (eluting solvent: n-hexane/ethyl acetate=4/1, 1/1) to
obtain 84 (6.54 g, 84%) as a yellow solid.

mp 126-128° C.

APCI-MS m/z 261[M+H]*
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Synthesis of 85

To a chloroform (120 ml) solution of 84 (6.62 g, 25.43
mmol), paratoluenesulfonyl chloride (5.82 g, 30.5 mmol) and
potassium carbonate (4.22 g, 30.5 mmol) were added at room
temperature under stirring, and the mixture was heated at
reflux for 5 hours. The reaction solution was allowed to return
to room temperature and water was added, and the solution
was extracted with chloroform. The extraction liquid was
purified as it is by NH silica gel column chromatography
(eluting solvent: chloroform) and then silica gel column chro-
matography (eluting solvent: n-hexane/ethyl acetate=100/1
to ethyl acetate) to obtain 85 (3.70 g, 52%) as a pale yellow
solid.

mp 99-100° C.
APCI-MS m/z 279[M+H]*
Synthesis of 87

To a 1,2-dimethoxyethane (44 ml) solution of 85 (1.50 g,
5.38 mmol) and 86 (1.20 g, 5.38 mmol), potassium carbonate
(2.23 g, 16.13 mmol), water (0.94 ml) and tetrakistriph-
enylphosphine palladium (310 mg, 0.27 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 3 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/500, 1/100) to obtain 87 (1.68 g, 92%) as
a colorless solid.

APCI-MS m/z 339 [M+H]
Synthesis of THK-5081

To a chloroform (12 ml) solution of 87 (1.50 g, 4.43 mmol),
trifluoroacetic acid (8 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at room
temperature for 3 hours. To the reaction solution, water was
added and the solution was extracted with ethyl acetate after
adjusting the pH to 9 using an aqueous potassium carbonate
solution. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/9)
and then recrystallized from n-hexane to obtain THK-5081
(404 mg, 38%) as pale yellow crystals.

mp 87.5-88° C., 'H NMR (500 MHzDMSO-d,)d 6.25
(2H,br), 6.91 (1H,d,J=7.7Hz), 7.09 (1H.d,J=8.0Hz), 7.29
(1H,1,J=8.0Hz), 7.35 (2H,,J=9.0Hz), 8.08 (1H.d,J=8.7Hz),
8.26 (1H.d,J=8.7Hz), 8.43 (2H.dd.]=8.7,5.5Hz)

IR (Nujol) 3433, 1616, 1600 cm™!
APCI-MS m/z 239[M+H]*
Synthesis Method of THK-5082
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-continued
AN
P
N
N
N HCI F
THK-5082

Synthesis of THK-5082

To a methanol (21 ml)-acetic acid (2.1 ml) solution of
THK-5081 (450 mg, 1.9 mmol) and an aqueous 35% formalin
solution (1.51 ml, 18.9 mmol), a picoline borane complex
(605 mg, 5.67 mmol) was added under ice cooling and stir-
ring, and the mixture was stirred at room temperature for 16
hours. To the reaction solution, an aqueous potassium carbon-
ate solution was added thereby adjusting the pH to 8, and the
solution was extracted with ethyl acetate. The extraction liq-
uid was washed with water and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: n-hexane/ethyl acetate=50/1) and then NH silica gel
column chromatography (eluting solvent: n-hexane/ethyl
acetate=100/1) to obtain a free form (430 mg) of THK-5082
as a yellow oily substance. The present product was dissolved
in ethyl acetate (10 ml) and 4M hydrochloric acid/ethyl
acetate (0.4 ml) was added dropwise, followed by stirring at
room temperature for 30 minutes. The precipitate was col-
lected by filtration and dried to obtain THK-5082 (430 mg,
75%) as colorless crystals.

mp 216-216.5° C., "H NMR (400 MHz,DMSO-d,)d 3.57
(6H.s), 7.41-7.48 (2H.m), 7.76 (1H.t,]=7.9Hz), 8.15(11.d,
J=7.9Hz), 8.24 (1H,d,]=7.6Hz), 8.38 (111,d,J=8.8Hz), 8.56-
8.62 (2H,m), 8.66(1H,d,J=8.8Hz), 12.2 (1Hbr)

IR (Nujol) 2252, 1602 cm™"
APCI-MS m/z 267 [M+H]*
Synthesis Method of THK-5086
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Synthesis of 89

To a methanol (50 ml)-tetrahydrofuran (50 ml) suspension
of' 88 (5.00 g, 28.71 mmol), 10% Pd—C (moisture of about
50%; 1.00 g) was added under a hydrogen atmosphere, and
the mixture was stirred at room temperature for 2 hours. The
catalyst was removed by filtration and the solvent of the
filtrate was distilled off under reduced pressure to obtain 89
(4.14 g, 100%) as a pale yellow solid.

mp 116-117° C.

APCI-MS m/z 145[M+H]*

Synthesis of 90

A mixture of 89 (4.14 g, 28.71 mmol) and Boc,O (9.9 ml,
43.1 mmol) was stirred at 120° C. for 30 minutes. To the
reaction solution, silica gel (30 ml) and toluene (100 ml) were
added, followed by stirring at 80° C. for 1 hour. The reaction
solution was allowed to return to room temperature and puri-
fied as it is by silica gel column chromatography (eluting
solvent: n-hexane/ethyl acetate=2/1, ethyl acetate) to obtain
90 (5.92 g, 84%) as a pale yellow solid.

mp 132-133° C.

APCI-MS m/z 245 [M+H]*

Synthesis 0f 91

To a chloroform (55 ml) solution of 90 (5.91 g, 24.19
mmol), a chloroform (22 ml)-methanol (6 ml) solution of
metachlorobenzoic acid (9.19 g, 53.2 mmol) was added drop-
wise at room temperature, and the mixed solution was stirred
at room temperature for 16 hours. To the reaction solution, an
aqueous sodium thiosulfate solution was added, followed by
stirring at room temperature for 10 minutes and further
extraction with chloroform. The extraction liquid was washed
with an aqueous potassium carbonate solution, purified as it is
by silica gel column chromatography (eluting solvent: chlo-
roform) and then washed with n-hexane-ethyl acetate (2/1) to
obtain 91 (5.25 g, 83%) as colorless crystals.

mp 212-213° C.

APCI-MS m/z 261 [M+H]*

Synthesis of 92

To a chloroform (200 ml) solution of 91 (5.25 g, 20.17
mmol), paratoluenesulfonyl chloride (4.61 g, 24.2 mmol) and
potassium carbonate (3.35 g, 24.2 mmol) were added at room
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temperature under stirring, and the mixture was heated at
reflux for 3.5 hours. The reaction solution was allowed to
return to room temperature and water was added, and the
solution was extracted with chloroform. The extraction liquid
was purified as it is by NH silica gel column chromatography
(eluting solvent: chloroform) and then silica gel column chro-
matography (eluting solvent: n-hexane/ethyl acetate=9/1,
4/1) to obtain 92 (1.87 g, 33%) as a colorless solid.

mp 152-153° C.

APCI-MS m/z 279/281[M+H]*
Synthesis of 93

To a 1,2-dimethoxyethane (30 ml) solution of 92 (1.00 g,
3.59 mmol) and 80 (0.60 g, 4.31 mmol), potassium carbonate
(1.50 g, 10.8 mmol), water (0.62 ml) and tetrakistriph-
enylphosphine palladium (210 mg, 0.18 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 5.5 hours. The reaction solution was allowed to return
to room temperature and water was added, and the solution
was extracted with ethyl acetate. The extraction liquid was
dried and the solvent was distilled oft under reduced pressure.
The residue was purified by silica gel column chromatogra-
phy (eluting solvent: ethyl acetate/n-hexane=1/4) and then
recrystallized from ethyl acetate-n-hexane to obtain 93 (990
mg, 82%) as colorless crystals.

mp 194-195° C.

APCI-MS m/z 339[M+H]*
Synthesis of THK-5086

To a chloroform (12 ml) suspension of 93 (980 mg, 2.90
mmol), triffuoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1.5 hours. To the reaction solution, water was
added and the solution was extracted with ethyl acetate after
adjusting the pH to 9 using an aqueous potassium carbonate
solution. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/2)
and then recrystallized from ethyl acetate-n-hexane to obtain
THK-5086 (635 mg, 92%) as pale yellow crystals.

mp 145.5-146° C., 'H NMR (500 MHzDMSO-d,)3 5.71
(2H,s), 6.82 (1H,d,J=2.6Hz), 7.19 (1H,dd,J=9.0,2.6Hz),
7.29-7.35(2H,m), 7.75(1H,d,J=9.0Hz), 7.89 (1H,d,J=8.7Hz),
8.03 (1H,d,J=8.7Hz), 8.19-8.24 (2H,m)

IR (Nujol) 3342, 1628 cm™"

APCI-MS m/z 239[M+H]*
Synthesis Method of THK-5087
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Synthesis of THK-5087

To a methanol (21 ml)-acetic acid (2.1 ml) solution of
THK-5086 (440 mg, 1.85 mmol) and an aqueous 37% for-
malin solution (1.48 ml, 18.5 mmol), a picoline borane com-
plex (590 mg, 5.55 mmol) was added under ice cooling and
stirring, and the mixture was stirred at room temperature for
3.5 hours. After adjusting the pH of the reaction solution to 9
by adding an aqueous potassium carbonate solution, the solu-
tion was extracted with ethyl acetate. The extraction liquid
was washed with water and dried, and then the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: n-hex-
ane/ethyl acetate=9/1, 4/1) and then recrystallized from
n-hexane-ethyl acetate to obtain THK-5087 (415 mg, 84%) as
pale yellow crystals.

mp 172-173° C., 'H NMR (400 MHz,DMSO-d,)8 3.06
(6H,s), 6.96(1H,d,J=2.7Hz), 7.30-7.37 (2H,m), 7.47 (1H,dd,
J=9.43.0Hz), 7.88 (1H,d,J=9.4Hz), 7.96(1H,d,J=8.8Hz),
8.17 (1H,d,J=8.8Hz), 8.22-8.28 (2H,m)

IR (Nujol) 1618 cm™"

APCI-MS m/z 267[M+H]*
Synthesis Method of THK-932
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mp 150-152° C., APCI-MS nv/z 504[M+H]*
Synthesis of 96

To a chloroform (12 ml) solution of 95 (900 mg, 1.79
mmol), triffuoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 2 hours. The reaction solution was ice-
cooled, neutralized with an aqueous potassium carbonate
solution and extracted with ethyl acetate. The organic layer
was washed with water and dried, and then solvent was con-
centrated under reduced pressure to obtain 96 (720 mg, 99%)
as a pale yellow oily substance.

APCI-MS m/z 404[M+H]*
Synthesis of THK-932

To an anisole (5 ml) solution of 96 (720 mg, 1.78 mmol),
methanesulfonic acid (20 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at room
temperature for 30 minutes. The reaction solution was ice-
cooled and ice water was added dropwise, and the solution
was washed with ethyl acetate. The aqueous layer was
extracted with ethyl acetate after adjusting the pH to 9 using
an aqueous potassium carbonate solution. The organic layer
was washed with water and dried, and the solvent was dis-
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P P
N NH,

N NHBoc

95

Synthesis of 95

To a 1,2-dimethoxyethane (27 ml) solution of 34 (1.05 g,
2.28 mmol) and 94 (720 mg, 2.28 mmol), potassium carbon-
ate (940 mg, 6.83 mmol), water (0.57 ml) and tetrakistriph-
enylphosphine palladium (131 mg, 0.114 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 1.5 hours. The reaction solution was allowed to return
to room temperature, diluted with ethyl acetate, washed with
water and then dried. The solvent was distilled off under
reduced pressure and the residue was purified by silica gel

55

60

column chromatography (eluting solvent: n-hexane/ethyl 65

acetate=4/1—3/1) to obtain 95 (900 mg, 78%) as a pale
yellow solid.
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tilled off under reduced pressure. The residue was purified by
NH silica gel column chromatography (eluting solvent:
n-hexane/ethyl acetate=1/1—=cthyl acetate) and then recrys-
tallized from ethyl acetate to obtain THK-932 (390 mg, 69%)
as colorless crystals.

mp 160-161° C., 'H NMR (500 MHzDMSO-d4)d 3.66-
3.77 (2H,m), 4.65-4.86(3H,m), 5.14 (1IL,t,J=5.8Hz), 6.41
(2H.s), 6.57 (1H,d,J=9.0Hz), 7.20 (1H,dd,]=8.8,2.4Hz), 7.43
(1H,d,J=2.4Hz), 7.84 (1H,d,J=8.8Hz), 7.87 (1H.d,]=8.8z),
8.18-8.38 (2[,m), 8.83 (111,d,J=2.4Hz)

IR (Nujol) 3335, 1638, 1613 cm™!

APCI-MS m/z 314[M+H]*
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Synthesis Method of THK-5088
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Synthesis of 98

To a mixture of 97 (387 mg, 2.17 mmol), acetoaldehyde
(2.39 g, 54.3 mmol) and methanol (10 ml)-acetic acid (1 ml),
a picoline borane complex (1.16 g, 10.8 mmol) was added
under ice cooling and stirring, and the mixture was stirred at
room temperature for 3.5 hours. The solvent of the reaction
solution was distilled oft under reduced pressure and aqueous
10% hydrochloric acid (5 ml) was added to the residue. After
stirring at room temperature for 30 minutes, the solution was
made basic by adding potassium carbonate. The reaction
solution was extracted with chloroform and the extraction
liquid was dried, and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel flash
column chromatography (eluting solvent: n-hexane/ethyl
acetate=19/1) to obtain 98 (353 mg, 69%) as a yellow oily
substance.

APCI-MS m/z 235/237[M+H]*

Synthesis of THK-5088

To a mixture of 98 (348 mg, 1.48 mmol), 99 (230 mg, 1.6
mmol) and 1,2-dimethoxyethane (7.5 ml), an aqueous 2M
sodium carbonate solution (1.5 ml, 3.0 mmol) and tetraki-
striphenylphosphine palladium (86 mg, 0.074 mmol) were
added under an argon atmosphere, and the mixture was stirred
at 90° C. for 6 hours. To the reaction solution, 99 (115 mg,
0.816 mmol), an aqueous 2M sodium carbonate solution
(0.75 ml, 1.5 mmol) and tetrakistriphenylphosphine palla-
dium (43 mg, 0.037 mmol) were added under an argon atmo-
sphere, followed by further stirring at 90° C. for 6 hours. The
solvent of the reaction solution was distilled off under
reduced pressure and the solution was extracted with chloro-
form. The extraction liquid was dried and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel flash column chromatography (eluting solvent:
n-hexane/ethyl acetate=9/1) and then NH silica gel flash col-
umn chromatography (eluting solvent: n-hexane, n-hexane/
ethyl acetate=49/1, 19/1) and then washed with cold n-hexane
to obtain THK-5088 (380 mg, 87%) as a yellowish brown
solid.
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mp 118-120° C., 'H NMR (500 MHz,DMSO-d,)d 1.18
(6H,t,J=7.0Hz), 3.50 (4H,q,J=7.0Hz), 6.94 (1H,s), 7.32 (1H,
dd,J=6.1,1.5Hz), 7.43 (1H,d,J=8.4Hz),7.89 (1H,d,J=9Hz),
8.01 (1H,d,J=9Hz), 8.20 (1H,d,J=8.3Hz), 8.74 (1H,dt,J=8.3,
2.6Hz), 9.01 (1H,d,J=2.6Hz) IR (Nujol) 1465, 1376 cm™*

APCI-MS m/z 296[M+H]*
Synthesis Method of THK-5089
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Synthesis of 100

To a mixture of 85 (1.00 g, 3.59 mmol), 99 (0.61 g, 4.31
mmol) and 1,2-dimethoxyethane (30 ml), potassium carbon-
ate (1.49 g, 10.76 mmol), water (0.62 ml) and tetrakistriph-
enylphosphine palladium (210 mg, 0.18 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 2.5 hours. The reaction solution was allowed to return
to room temperature and water was added, and the solution
was extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9, 1/4) and then recrystallized from ethyl
acetate-n-hexane to obtain 100 (1.01 g, 83%) as colorless
crystals.

mp 189.5-190° C.

APCI-MS m/z 340[M+H]*
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Synthesis of 101

To an N,N-dimethylformamide (33 ml) solution of 100
(1.00 g, 2.95 mmol), 60% sodium hydride (131 mg, 3.28
mmol) was added under ice cooling and stirring under an
argon atmosphere, and the mixture was stirred at the same
temperature for 10 minutes and methyl iodide (0.22 ml, 3.54
mmol) was added dropwise at the same temperature, fol-
lowed by stirring at room temperature for 30 minutes. To the
reaction solution, ice water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9, 1/4) to obtain 101 (1.03 g, 98%) as a
colorless solid.

mp 147-148° C.

APCI-MS m/z 354[M+H]*
Synthesis of 102

To a chloroform (12 ml) solution of 101 (1.02 g, 2.89
mmol), trifluoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1.5 hours. To the reaction solution, water was
added and the solution was extracted with ethyl acetate after
adjusting the pH to 9 using an aqueous potassium carbonate
solution. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
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pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/9) to
obtain 102 (732 mg, 100%) as a yellow oily substance.

APCI-MS m/z 254[M+H]*
Synthesis of THK-5089

To a methanol (32 ml)-acetic acid (3.2 ml) solution, 102
(730 mg, 2.88 mmol) and acetoaldehyde (1.63 ml, 28.8
mmol), a picoline borane complex (930 mg, 8.64 mmol) was
added little by little under ice cooling and stirring, and the
mixture was stirred at room temperature for 16 hours. To the
reaction solution, water and an aqueous potassium carbonate
solution were added thereby adjusting the pH to 9, and the
solution was extracted with ethyl acetate. The extraction liq-
uid was washed with water and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: n-hexane/ethyl acetate=9/1, 4/1) and then recrystallized
from n-hexane to obtain THK-5089 (680 mg, 84%) as pale
yellow crystals.

mp 71-72° C., "H NMR (400 MHz, DMSO-d,) 8 1.20 (3H,
t, J=7.1Hz), 3.04 (3H, s), 3.72 (2H, q, I=7.1Hz), 7.07-7.12
(1H, br),7.39 (1H, dd, J=8.5, 2.7Hz), 7.42-7.49 (2H, m), 8.16
(1H, d, J=8.5Hz), 8.40 (1H, d, J=8.5Hz), 8.79 (1H, td, J=8.3,
2.7Hz), 9.09 (1H, d, J=2.7 Hz)

IR (Nujol) 1598 cm™*

APCI-MS m/z 282[M+H]*
Synthesis Method of THK-5095
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107 THK-5095
Synthesis of 103 25 Synthesis of 106

To a 1,2-dimethoxyethane (38 ml) solution of 70 (2.02 g,
4.66 mmol) and 66 (1.55 g, 4.66 mmol), potassium carbonate
(1.93 g, 13.97 mmol), water (0.81 ml) and tetrakistriph-
enylphosphine palladium (540 mg, 0.47 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 16 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/4) to obtain 103 (2.82 g, 100%) as a pale
pink oily substance.

APCI-MS m/z 605[M+H]*

Synthesis of 104

To a chloroform (24 ml) solution of 103 (2.81 g, 4.65
mmol), trifluoroacetic acid (16 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1 hour. To the reaction solution, water and
ethyl acetate were added, and the solution was made basic
with an aqueous potassium carbonate solution and extracted
with ethyl acetate. The extraction liquid was washed with
water and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: n-hexane/ethyl
acetate=3/1,2/1) to obtain 104 (2.28 g, 97%) as a pale yellow
oily substance.

APCI-MS m/z S05[M+H]*

Synthesis of 105

To a chloroform (20 ml) solution of 104 (1.14 g, 2.26
mmol), triethylamine (0.473 ml, 3.39 mmol) and then trifluo-
roacetic anhydride (0.383 ml, 2.71 mmol) were added drop-
wise under ice cooling and stirring, and the mixture was
stirred at the same temperature for 2 hours. To the reaction
solution, ice water was added and the solution was extracted
with ethyl acetate. The extraction liquid was washed with
water and dried and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=1/4) to obtain 105 (1.36 g, 100%) as a pale yellow oily
substance.

APCI-MS m/z 601[M+H]*
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To a mixture of 105 (1.36 g, 2.26 mmol) and anisole (2 ml),
methanesulfonic acid (6 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at room
temperature for 20 minutes. The reaction solution was ice-
cooled and ice water was added, and the solution was made
basic with an aqueous potassium carbonate solution and
extracted with ethyl acetate. The extraction liquid was
washed with water and dried and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/1, ethyl acetate) to obtain 106 (890 mg,
94%) as a pale yellow amorphous.

APCI-MS m/z 421[M+H]*

Synthesis of 107

To a pyridine (10 ml) solution of 106 (880 mg, 2.09 mmol),
a tetrahydrofuran (15 ml) solution of paratoluenesulfonic
anhydride (1.03 g, 3.14 mmol) was added dropwise over 20
minutes under ice cooling and stirring, and the mixture was
stirred at the same temperature for 1 hour. To the reaction
solution, ice water was added, and the solution was extracted
with ethyl acetate after adjusting the pH to 9 using an aqueous
potassium carbonate solution. The extraction liquid was
washed with water and dried the solvent was distilled off
under reduced pressure (toluene azeotrope). The residue was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/2, 1/1, ethyl acetate) to obtain
107 (750 mg, 63%) as a colorless amorphous.

APCI-MS m/z 575[M+H]*

Synthesis of THK-5095

To a tetrahydrofuran (10 ml)-water (1 ml) solution of 107
(750 mg, 1.31 mmol), lithium hydroxide monohydrate (82
mg, 1.97 mmol) was added under ice cooling and stirring, and
the mixture was stirred at the same temperature for 1 hour,
followed by stirring at room temperature for 1 hour. To the
reaction solution, ice water was added and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/1, 2/1) and then recrystallized from ethyl
acetate-n-hexane to obtain THK-5095 (563 mg, 90%) as col-
orless crystals.
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mp 109-111° C., 'H NMR (400 MHz,DMSO-d,)5 2.33
(3H,s), 2.76(3H,d,J=4.5Hz), 3.56-3.71 (2H,m), 4.30 (1H,dd,
J=11,5.7Hz), 4.38 (1H,dd,J=11,3.0Hz), 4.71-4.76(1H,m),
5.11 (1H,t,J=5.6Hz)6.14 (1H,br), 6.66(2H,d,J=8.8Hz), 7.01
(1H,dd,J=8.8,2.4Hz), 7.31 (1H,dJ=2.1Hz), 7.39 (2H,d,
J=8.5Hz), 7.75 (2H,d,J=8.8Hz), 7.78 (1H,d,J=9.1Hz), 7.84
(1H,d,J=8.8Hz),8.06(2H,d,J=8.8Hz),8.20 (1H,d,]=8.5Hz)

IR (Nujol) 3359, 1741, 1608 cm™!

APCI-MS m/z 479 [M+H]+
Synthesis Method of THK-5096
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Synthesis of 108

To a methanol (25 ml)-acetic acid (2.5 ml) solution of 104
(1.13 g, 2.24 mmol) and acetoaldehyde (1.26 ml, 22.4 mmol),
a picoline borane complex (720 mg, 6.72 mmol) was added
under ice cooling and stirring, and the mixture was stirred at
room temperature for 16 hours. To the reaction solution, ice
water was added, and the solution was extracted with ethyl
acetate by adjusting the pH to 9 using an aqueous potassium
carbonate solution. The extraction liquid was washed with
water and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: n-hexane/ethyl
acetate=9/1,4/1) to obtain 108 (1.08 g, 91%) as a pale yellow
oily substance.

APCI-MS m/z 533 [M+H]*
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120
Synthesis of 109

To a mixture of 108 (1.15 g, 2.16 mmol) and anisole (3 ml),
methanesulfonic acid (9 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at room
temperature for 20 minutes. The reaction solution was ice-
cooled and ice water was added, and the solution was
extracted with ethyl acetate after adjusting the pH to 9 using
an aqueous potassium carbonate solution. The extraction lig-
uid was washed with water and dried, and then the solvent
was distilled off under reduced pressure. The residue was
washed with ethyl acetate-n-hexane (1/1) to obtain 109 (640
mg, 84%) as yellow crystals.

mp 136-137° C.
APCI-MS m/z 353[M+H]*
Synthesis of THK-5096

To a pyridine (10 ml) solution of 109 (630 mg, 1.79 mmol),
a tetrahydrofuran (10 ml) solution of paratoluenesulfonic
anhydride (875 mg, 2.68 mmol) was added dropwise over 30
minutes under ice cooling and stirring, and the mixture was
stirred at the same temperature for 20 minutes. To the reaction
solution, ice water was added, and the solution was extracted
with ethyl acetate after adjusting the pH to 9 using an aqueous
potassium carbonate solution. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure (toluene azeotrope). The
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/2, ethyl acetate)
and then recrystallized from ethyl acetate-n-hexane to obtain
THK-5096 (450 mg, 50%) as yellow crystals.

mp 89-90° C., 'H NMR (400 MHz,DMS0-d,)8 1.10 (3L,
1,J=7.0Hz), 2.33 (3H.s), 2.96 (3ILs), 3.48 (211,q.J=7.0Hz),
3.37-3.71 (2H,m), 4.30 (1H,dd.J=11,5.7Hz), 4.38 (1H.dd,
J=11,2.7Hz), 4.71-4.78 (1H.m), 5.11 (1H,1.J=5.4Hz), 6.83
(2H,d.J=9.1Hz), 7.02 (1H,dd.J=8.9,23Hz), 7.33 (1H.d,
J=1.8Hz), 7.39 (2H,d,J=7.9Hz), 7.75 (2H.d,J=8.2Hz), 7.79
(1H,d,J=8.8Hz), 7.87 (1H.d,J=8.8Hz), 8.11 (2H.d, ]=9.1Hz),
8.21 (1H,d.J=9.1Hz)

IR (Nujol) 1620, 1597 cm™

APCI-MS m/z 507[M+H]*

Synthesis Method of THK-5099
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THK-5099

Synthesis of 110

To an N,N-dimethylformamide (30 ml) suspension of 41
(5.84 g,36.24 mmol), thionyl chloride (10.39 ml, 145 mmol)
was added dropwise under ice cooling and stirring, and the
mixture was stirred at the same temperature for 30 minutes,
followed by stirring at room temperature for 16 hours. The
reaction solution was ice-cooled and ice water was added, and
the solution was extracted with ethyl acetate after adjusting
the pH to 7 using an aqueous potassium carbonate solution.
The extraction liquid was washed with water, dried, purified
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9, 1/4) and then recrystallized from ethyl
acetate-n-hexane to obtain 110 (3.88 g, 60%) as pale yellow
crystals.

mp 176-177° C.

APCI-MS m/z 180[M+H]*
Synthesis of 111

To a tetrahydrofuran (30 ml) solution of 110 (700 mg, 3.90

45

50

55

60

mmol), 22 (1.27 g, 4.68 mmol) and triphenylphosphine (1.23 65

g, 4.68 mmol), a tetrahydrofuran (5 ml) solution of diisopro-
py! azodicarboxylate (0.93 ml, 4.68 mmol) was added drop-

122

wise under ice cooling and stirring, and the mixture was
stirred at room temperature for 3 days. To the reaction solu-
tion, a tetrahydrofuran (5 ml) solution of 22 (1.27 g, 4.68
mmol) and diisopropyl azodicarboxylate (0.93 ml, 4.68
mmol) were added, followed by further stirring at room tem-
perature for 2 hours. The solvent of the reaction solution was
distilled oft under reduced pressure and the residue was puri-
fied by silica gel column chromatography (eluting solvent:
ethyl acetate/n-hexane=1/20, 1/15) to obtain 111 (1.18 g,
70%) as a pale yellow oily substance.

APCI-MS m/z 434[M+H]*
Synthesis of 112

To a 1,2-dimethoxyethane (25 ml) solution of 111 (1.17 g,
2.70 mmol) and 6 (740 mg, 2.70 mmol), potassium carbonate
(1.12 g, 8.09 mmol), water (0.5 ml) and tetrakistriph-
enylphosphine palladium (310 mg, 0.27 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 7 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9, 1/4) to obtain 112 (1.48 g, 100%) as a
yellow oily substance.

APCI-MS m/z 547[M+H]*
Synthesis of 113

To a mixture of 112 (1.47 g, 2.69 mmol) and anisole (4 ml),
methanesulfonic acid (12 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at room
temperature for 1 hour. The reaction solution was poured into
ice water, and the solution was extracted with ethyl acetate
after adjusting the pH to 8 using an aqueous potassium car-
bonate solution. The extraction liquid was washed with water
and dried and then the solvent was distilled off under reduced
pressure. The residue was washed with hexane to obtain 113
(900 mg, 91%) as pale yellow crystals.

mp 165-166° C.
APCI-MS m/z 367[M+H]*
Synthesis of THK-5099

To a pyridine (15 ml) solution of 113 (890 mg, 2.43 mmol),
a tetrahydrofuran (15 ml) solution of paratoluenesulfonic
anhydride (1.19 g, 3.64 mmol) was added dropwise over 30
minutes under ice cooling and stirring, and the mixture was
stirred at the same temperature for 30 minutes. To the reaction
solution, ice water was added, and the solution was extracted
with ethyl acetate after adjusting the pH to 9 using an aqueous
potassium carbonate solution. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure (toluene azeotrope). The
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/4) and then recrys-
tallized from ethyl acetate to obtain THK-5099 (658 mg,
52%) as yellow crystals.

mp 143-143.5° C., 'HNMR (400 MHz, DMSO-d,) 8 1.15
(6H, t, J=7.0Hz), 2.31 (3H, s), 3.43 (4H, q, J=7.0Hz), 3.67-
3.72(2H, m),4.37 (1H,dd, =11, 5.7Hz), 4.42 (1H, dd, J=11,
3.0Hz),4.71-4.77 (1H, m), 5.13 (1H,t,J=5.6Hz), 6.80 (2H, d,
J=9.1Hz), 6.94 (1H, dd, J=5.6,3.2Hz), 7.28 (2H, d, J=8.2Hz),
7.51-7.54 (2H, m), 7.68 (2H, d, J=8.2Hz), 7.93 (1H, d,
J=9.1Hz), 8.12 (2H, d, J=9.1Hz), 8.25 (1H, d, J=8.8Hz)

IR (Nujol) 1593 cm™

APCI-MS m/z 521[M+H]*
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Synthesis Method of THK-5105
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Synthesis of 114

To an N,N-dimethylformamide (20 ml) suspension of 8
(1.16 g, 10 mmol), thiony! chloride (5 g, 42 mmol) was added
dropwise under ice cooling and stirring, and the mixture was
stirred at room temperature for 16 hours. To the reaction
solution, an aqueous saturated sodium hydrogen carbonate
solution was added and the solution was extracted with ethyl
acetate. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel flash column
chromatography (eluting solvent: ethyl acetate/n-hexane=1/
4) to obtain 114 (1.12 g, 62%) as a colorless solid.

mp 190-191° C.
Synthesis of 115

To a tetrahydrofuran (20 ml) solution of 114 (1.0 g, 5.57
mmol), 16 (1.2 g, 5.76 mmol) and triphenylphosphine (1.9 g,
7.24 mmol), diisopropyl azodicarboxylate (1.46 g, 7.22
mmol) was added dropwise under ice cooling and stirring,
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and the mixture was stirred at room temperature for 16 hours.
The solvent of the reaction solution was distilled off under
reduced pressure and the residue was purified by silica gel
flash column chromatography (eluting solvent: ethyl acetate/
n-hexane=1/7) to obtain 115 (1.78 g, 86%) as a pale yellow
solid.

mp 50 to 52° C.
Synthesis of 117

To a 1,2-dimethoxyethane (14 ml) solution of 115 (600 mg,
1.62 mmol) and 116 (294 mg, 1.78 mmol), potassium carbon-
ate (670 mg, 4.87 mmol), water (0.28 ml) and tetrakistriph-
enylphosphine palladium (190 mg, 0.16 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 3 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/19, 1/9) to obtain 117 (690 mg, 94%) as
a pale yellow solid.

mp 131-133° C.

APCI-MS m/z 455[M+H]*

Synthesis of THK-5105

To a tetrahydrofuran (20 ml) solution of 117 (690 mg, 1.52
mmol), tetrabutylammonium fluoride (1.52 ml/1M tetrahy-
drofuran solution) was added, and the mixture was stirred at
room temperature for 1 hour. Water was added to the reaction
solution and the solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/4, 1/1) and then
recrystallized from ethyl acetate to obtain THK-5105 (437
mg, 85%) as pale yellow crystals.

mp 178-179° C., '"H NMR (400 MHz,DMSO-d,)d 4.07-
4.18 (3H,m), 4.44-4.65(2H,m). 5.52 (1H,br), 6.84 (2H,d,
J=9.1Hz), 7.36-7.41 (2H,m), 7.90 (1H,d,J=10Hz), 7.99 (1H,
d,J=8.8Hz), 8.10 (2H,d,J=9.1Hz), 8.23 (1H,d,J=8.8Hz)

IR (Nujol) 3406, 1616 cm™"

APCI-MS m/z 341[M+H]*

Synthesis Method of THK-5106

OTBS
16

>2L !
5-B
_Boc
N
\ |
JS S -
P
F/ﬁ/\o NT al

\

HO N
58

Cl




US 9,249,101 B2

125

-continued

\
O P
F/\(\O N

OTBS

119

OH
THK-5106

Synthesis of 118

To a tetrahydrofuran (40 ml) solution of 58 (2.00 g, 10.6
mmol), 16 (2.64 g, 12.7 mmol) and triphenylphosphine (3.32
g, 12.7 mmol), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (2.51 ml, 12.7 mmol) was added
dropwise under ice cooling and stirring, and the mixture was
stirred at the same temperature for 30 minutes, followed by
stirring at room temperature for 16 hours. The solvent of the
reaction solution was distilled off under reduced pressure and
the residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/20) to obtain 118
(3.90 g, 100%) as a pale yellow oily substance.

APCI-MS m/z 370/372[M+H]*
Synthesis of 119

A mixtureof 118 (1.83 g, 4.9 mmol), 66 (1.73 g, 5.2 mmol),
potassium carbonate (1.37 g, 9.9 mmol), tetrakistriph-
enylphosphine palladium (300 mg, 0.26 mmol) and 1,2-
dimethoxyethane (45 ml)-water (5 ml) was stirred under an
argon atmosphere at 85° C. for 2 hours and tetrakistriph-
enylphosphine palladium (283 mg, 0.245 mmol) and potas-
sium carbonate (678 mg, 4.9 mmol) were added, followed by
stirring at the same temperature for 4 hours. The reaction
solution was allowed to return to room temperature and water
was added, and the solution was extracted with ethyl acetate.
The extraction liquid was dried and the solvent was distilled
off under reduced pressure and then the residue was purified
by silica gel flash column chromatography (eluting solvent:
n-hexane, ethyl acetate/n-hexane=1/9) to obtain 119 (2.28 g,
85%) as a pale yellow oily substance.

APCI-MS m/z 541[M+H]*
Synthesis of THK-5106

To a chloroform (21 ml) solution of 119 (2.25 g, 3.33
mmol), trifluoroacetic acid (14 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1 hour and water (7 ml) was added dropwise,
followed by further stirring at room temperature for 1 hour.
The solvent of the reaction solution was distilled off under
reduced pressure and chloroform was added, and the solution
was made basic with an aqueous saturated sodium hydrogen
carbonate solution and extracted with chloroform/methanol
(19/1). The extraction liquid was dried and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel flash column chromatography (eluting solvent:
chloroform, chloroform/methanol=19/1) and then washed
with n-hexane and diisopropylether to obtain THK-5106 (1.0
g, 92%) as a yellow solid.

mp 137-139° C., 'H NMR (500 MHz,DMSO-d,)d 2.76
(3H,d,J=4.4Hz), 4.1-4.2 (3H,m), 4.4-4.7 (2H,m), 5.53 (1H,d,
J=4.8Hz), 6.13 (1H,brs)6.66(2H,d,J=8.7Hz), 7.15(1H,dd,
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J=9.0,2.6Hz), 7.35(1H,d,J=2.6Hz),7.80 (1H,d,J=9.0Hz),
7.83 (1H,d,J=8.7Hz), 8.06(2H,d,J=9.0Hz), 8.20 (1H/d,
J=8.3Hz)
IR (Nujol)1612, 1598 em™
APCI-MS m/z 327[M+H]*
Synthesis Method of THK-5107
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THK-5107
Synthesis of 120

To a 1,2-dimethoxyethane (20 ml) solution of 118 (800 mg,
2.16 mmol) and 116 (390 mg, 2.38 mmol), potassium carbon-
ate (900 mg, 6.49 mmol), water (0.38 ml) and tetrakistriph-
enylphosphine palladium (380 mg, 0.22 mmol) were added
under an argon atmosphere, and the mixture was stirred 80°
C. for 3.5 hours. The reaction solution was allowed to return
to room temperature and water was added, and the solution
was extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/19) to obtain 120 (860 mg, 88%) as a pale
yellow solid.

mp 102-106° C.

APCI-MS m/z 455[M+H]*

Synthesis of THK-5107

To a tetrahydrofuran (10 ml) solution of 120 (850 mg, 1.87
mmol), tetrabutylammonium fluoride (1.87 ml/1M tetrahy-
drofuran solution) was added, and the mixture was stirred at
room temperature for 30 minutes. Water was added to the
reaction solution and the solution was extracted with ethyl
acetate. The extraction liquid was washed with water and
dried and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/4,
1/2) to obtain THK-5107 (352 mg, 55%) as yellow crystals.

mp 163.5-164° C., 'H NMR (400 MHzDMSO-d,)3 3.01
(6H,s), 4.09-4.22 (3H,m), 4.44-4.65(2H,m), 5.53 (1H,br),
6.84 (2H,d,J=9.1Hz), 7.18 (1H,dd,J=8.8,2.4Hz), 7.38 (1H,d,
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J=2.4Hz), 7.83 (1H,d,J=9.1Hz), 7.89 (111,d,J=8.5Hz), 8.13

(2H,d,J=9.1Hz), 8.25(1H,d,J=8.8Hz)
IR (Nujol) 1619, 1608, 1595 cm™"
APCI-MS m/z 341[M+H]*

Synthesis Method of THK-5111
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Synthesis of 121

To a 1,2-dimethoxyethane (65 ml) solution of 59 (2.01 g,
7.99 mmol) and 66 (2.66 g, 7.99 mmol), potassium carbonate
(331 g, 24.0 mmol), water (1.39 ml) and tetrakistriph-
enylphosphine palladium (920 mg, 0.80 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 8 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/19, 1/9, 1/4) to obtain 121 (3.38 g, 100%)
as a pale yellow oily substance.

APCI-MS m/z 423[M+H]*
Synthesis of 122

To a chloroform (12 ml) solution of 121 (3.37 g, 7.98
mmol), triffuoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 2 hours. To the reaction solution, water was
added, and the solution was extracted with ethyl acetate after
adjusting the pH to 9 using an aqueous potassium carbonate
solution. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
pressure. The residue was recrystallized from ethyl acetate to
obtain 122 (1.71 g, 86%) as yellow crystals.

mp 262-265° C.

APCI-MS m/z 251[M+H]*
Synthesis of 123

To a methanol (35 ml)-acetic acid (3.5 ml) solution of 122
(800 mg, 3.20 mmol) and acetoaldehyde (1.80 ml, 32.0
mmol), a picoline borane complex (1.03 g, 9.59 mmol) was
added under ice cooling and stirring, and the mixture was
stirred at room temperature for 16 hours. To the reaction
solution, ice water was added, and the solution was extracted
with ethyl acetate after adjusting the pH to 9 using an aqueous
potassium carbonate solution. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was recrystal-
lized from ethyl acetate to obtain 123 (840 mg, 94%) as
yellow crystals.

mp 212-213° C.

APCI-MS m/z 279[M+H]*
Synthesis of 124

To a tetrahydrofuran (30 ml) solution of 123 (830 mg, 2.98
mmol), 63 (1.29 g, 3.58 mmol) and triphenylphosphine (940
mg, 3.58 mmol), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (0.71 ml, 3.58 mmol) was added
dropwise over 1 hour under ice cooling and stirring, and the
mixture was stirred at the same temperature 1 hour, followed
by stirring at room temperature for 16 hours. To the reaction
solution, 63 (540 mg, 1.49 mmol) and triphenylphosphine
(390 mg, 1.49 mmol) were added under ice cooling and
stirring, and diisopropyl azodicarboxylate (0.3 ml, 1.49
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mmol) and tetrahydrofuran (10 ml) were added, followed by
further stirring at room temperature for 3 days. The solvent of
the reaction solution was distilled off under reduced pressure
and the residue was purified by silica gel column chromatog-
raphy (eluting solvent: ethyl acetate/n-hexane=1/9) to obtain
124 (2.21 g) as a pale yellow oily substance.
APCI-MS m/z 621[M+H]*

Synthesis of 125

To a chloroform (12 ml) solution of 124 (2.21 g), trifluo-
roacetic acid (8 ml) was added dropwise under ice cooling
and stirring and water (2 ml) was added, and the mixture was
stirred at room temperature for 16 hours. To the reaction
solution, ice water and ethyl acetate were added, and the
solution was extracted with ethyl acetate after adjusting the
pH to 9 using an aqueous potassium carbonate solution. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/2, 1/1) to obtain
125 (1.27 g, 84% from 123) as a yellow foam-like substance.

APCI-MS m/z S07[M+H]*

Synthesis of THK-5111

To a methylene chloride (30 ml) solution of 125 (940 mg,
1.86 mmol), 3,4-dihydro-2H-pyran (3.36 ml, 37.2 mmol) and
paratoluenesulfonic acid monohydrate (415 mg, 2.42 mmol)
were added, and the mixture was stirred at room temperature
for 40 minutes. The reaction solution was neutralized with
triethylamine and the solvent was distilled oft under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/4) to
obtain THK-5111 (1.05 g, 96%) as a yellow amorphous.

'H NMR (500 MHz, DMSO-d,)31.10 (3H,1,J=7.2 Hz),
1.36-1.70 (6Hm), 2.34 (3H,s). 2.97 (3H,s),3.37-3.45(1H,m),
3.49 (2H,q,J=7.2Hz),3.68-3.74,3.84-3.90 (1H,m), 4.13-4.37
(5H,m), 4.71-4.74, 4.86-4.88 (1H,m), 6.84 (2H,d,J=8.7Hz),
7.06(1H,d, J=8.7Hz),7.31 (1H,br), 7.39-7.44 (2H,m), 7.78-
7.84 (3Hm), 7.90 (1H,d,J=9.0Hz), 8.12 (2H,d,J=9.0Hz),
8.27 (1H,br)

APCI-MS m/z 5S91[M+H]*

Synthesis Method of THK-5112

\
O >
F/\(\O N O
OH
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(1
=
F/\(\O N
OH _
-1.5(COOH), L

THK-5112

Synthesis of THK-5112

To a methanol (10 ml)-acetic acid (1 ml) solution of THK-
5106 (478 mg, 1.46 mmol) and acetoaldehyde (323 mg, 7.3
mmol), a picoline borane complex (204 mg, 1.9 mmol) was
added under ice cooling and stirring and the mixture was
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stirred at room temperature for 1 hour, and acetoaldehyde
(323 mg, 7.3 mmol) and a picoline borane complex (204 mg,
1.9 mmol) were added, followed by further stirring at room
temperature for 5 hours. The solvent of the reaction solution
was distilled off under reduced pressure and aqueous 10%
hydrochloric acid (5 ml) was added to the residue. After
stirring at room temperature for 30 minute, the solution was
made basic by adding potassium carbonate. The reaction
solution was extracted with chloroform and the extraction
liquid was dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by NH silica gel
flash column chromatography (eluting solvent: n-hexane,
n-hexane/ethyl acetate=1/1) to obtain as a yellow oily sub-
stance. After dissolving by adding oxalic acid (292 mg, 2.9
mmol) to an acetone (10 ml) solution of the present product,
the solvent was distilled off under reduced pressure. The
residue was washed with diisopropylether and diethyl ether to
obtain THK-5112 (660 mg, 91%) as an orange solid.

mp 193-194.5° C. (dec), "H NMR (400 MHz,DMSO-d)d
1.10 (3H,t,J=7.0Hz), 2.97 (3H,s), 3.49 (2H,q,J=7.0Hz), 4.0-
4.2 (3H,m), 4.4-4.7 2H,m), 6.83 (2H,d,J=9.1Hz), 7.18 (1H,
dd,J]=8.7,2.4Hz), 7.38 (1H,d,J=2.4Hz), 7.84 (1H,d,J=9.1Hz),
7.89 (1H,d,J=8.7Hz), 8.12 (2H,d,J=9.0Hz), 8.27 (1H, d,
J=8.8Hz)

IR (Nujol) 2922, 2852 cm™"

APCI-MS m/z 355[M+H]*
Synthesis Method of THK-5113
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THK-5113

Synthesis of 126

To a methylene chloride (20 ml) suspension of 122 (900
mg, 3.60 mmol) and triethylamine (1.51 ml, 10.79 mmol),
trifluoro acid anhydride (1.22 ml, 8.63 mmol) was added
dropwise under ice cooling and stirring, and the mixture was
stirred at the same temperature for 30 minutes. To the reaction
solution, ice water was added and the solution was extracted
with chloroform/methanol. The extraction liquid was dried
and the solvent was distilled off under reduced pressure, and
then the residue was recrystallized from ethyl acetate-n-hex-
ane to obtain 126 (1.24 g, 99%) as orange crystals.

mp 176-178° C.

APCI-MS m/z 347[M+H]*
Synthesis of 127

To a tetrahydrofuran (30 ml) suspension of 126 (1.23 g,
3.55 mmol), 63 (1.54 g, 4.26 mmol) and triphenylphosphine
(1.12 g, 4.26 mmol), a tetrahydrofuran (10 ml) solution of
diisopropyl azodicarboxylate (0.84 ml, 4.26 mmol) was
added dropwise over 20 minutes under ice cooling and stir-
ring, and the mixture was stirred at the same temperature 2
hours, followed by stirring at room temperature for 16 hours.
To the reaction solution, 63 (640 mg, 1.78 mmol), triph-
enylphosphine (470 mg, 1.78 mmol) and diisopropyl azodi-
carboxylate (0.35 ml, 1.78 mmol) were added, followed by
stirring at room temperature for 4 hours. Furthermore, 63
(640 mg, 1.78 mmol), triphenylphosphine (470 mg, 1.78
mmol) and diisopropyl azodicarboxylate (0.35 ml, 1.78
mmol) were added to the reaction solution, followed by stir-
ring at room temperature for 16 hours. The solvent of the
reaction solution was distilled off under reduced pressure and
the residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/4) to obtain 127
(3.28 g) as a pale yellow oily substance.

APCI-MS m/z 347[M+H]*
Synthesis of 128

To a chloroform (12 ml) solution of 127 (3.27 g), trifluo-
roacetic acid (8 ml) was added dropwise and water (2 ml) was
added under ice cooling and stirring, and the mixture was
stirred at room temperature for 8 hours. To the reaction solu-
tion, ice water and ethyl acetate were added, and the solution
was extracted with ethyl acetate after adjusting the pH to 7
using an aqueous potassium carbonate solution. The extrac-
tion liquid was washed with water and dried, and then the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluting
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132
solvent: ethyl acetate/n-hexane=1/2, 1/1) to obtain 128 (1.85
g, 91% from 126) as a pale yellow foam-like substance.
APCI-MS m/z 575[M+H]*
Synthesis of 129

To a tetrahydrofuran (60 ml) solution of 128 (1.84 g, 3.20
mmol) and 3,4-dihydro-2H-pyran (5.81 ml, 64.1 mmol),
paratoluenesulfonic acid monohydrate (720 mg, 4.16 mmol)
was added, and the mixture was stirred at room temperature
for 16 hours. The reaction solution was neutralized with tri-
ethylamine and the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/9,
1/4, 1/2) to obtain 129 (2.10 g, 99%) as a pale yellow foam-
like substance.

APCI-MS m/z 659[M+H]*

Synthesis of THK-5113

To a tetrahydrofuran (25 ml)-water (10 ml) solution of 129
(2.09 g, 3.17 mmol), lithium hydroxide monohydrate (200
mg, 4.76 mmol) was added under ice cooling and stirring, and
the mixture was stirred at the same temperature for 30 min-
utes. The reaction solution was extracted with ethyl acetate,
and the extraction liquid was dried and the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/2) to obtain THK-5113 (1.70 g, 95%) as
a pale yellow amorphous.

'"H NMR (400 MHz, DMSO-d,)d 1.36-1.72 (6H,m), 2.34
(3H,s), 2.76(3H,d,J=4.2Hz), 3.35-3.48, 3.67-3.76, 3.83-3.91
(2H,m), 4.11-4.37 (5H,m), 4.70-4.74,4.85-4.88 (1H,m), 6.14
(1H,br), 6.66 (2H,d,J=8.8Hz), 7.03 (1H,dd,J=8.8,2.4Hz),
7.24-7.28 (1H,m), 7.39-7.44 (2H,m), 7.76-7.87 (4H,m), 8.07
(2H,d,J=8.8Hz), 8.21 (1H,d,J=8.8Hz)

IR (Nujol) 3422, 1609, 1596 cm™

APCI-MS m/z 563[M+H]*

Synthesis Method of THK-5115
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Synthesis of THK-5115

To a methanol (20 ml)-acetic acid (2 ml) solution of THK-
5113 (1.02 g, 1.81 mmol) and an aqueous 37% formalin
solution (1.45 ml, 18.1 mmol), a picoline borane complex
(580 mg, 5.44 mmol) was added under ice cooling and stir-
ring, and the mixture was stirred at the same temperature for
5 minutes, followed by stirring at room temperature for 1
hour. To the reaction solution, ice water was added, and the
solution was extracted with ethyl acetate after adjusting the
pH to 9 using an aqueous potassium carbonate solution. The
extraction liquid was washed with water and dried, and then



US 9,249,101 B2

133

the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=4/1) to obtain THK-
5115 (980 mg, 93%) as a yellow amorphous. *H NMR (500
MHz, DMSO-d,)d1.36-1.71 (6H,m), 2.34 (3H,s), 3.01 (6H,
s),3.37-3.47 (1H,m), 3.69-3.74,3.84-3.90 (1H,m), 4.13-4.37
(5H,m), 4.71-4.74, 4.85-4.88 (1H,m), 6.85(2H,d,J=9.0 Hz),
7.05(1H,d,J=8.7 Hz), 7.30 (1H,br), 7.40-7.44 (2H,m), 7.78-
7.84 (3H,m), 7.90 (1H,d,J=9.3 Hz), 8.14 (2H,d,J=8.7 Hz),
8.25(1H,br)

IR (Nujol) 1731, 1620, 1595 cm™"

APCI-MS m/z 577[M+H]*
Synthesis Method of THK-5116

131
OH
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Synthesis of 131

A mixture of 115 (625 mg, 1.69 mmol), 130 (593 mg, 1.86
mmol), potassium carbonate (467 mg, 3.40 mmol), tetraki-
striphenylphosphine palladium (195 mg, 0.169 mmol) and
1,2-dimethoxyethane (4.5 ml)-water (0.5 ml) was stirred
under an argon atmosphere at 85° C. for 16 hours, and tet-
rakistriphenylphosphine palladium (98 mg, 0.085 mmol) was
added, followed by further stirring at the same temperature
for 8 hours. The reaction solution was allowed to return to
room temperature and chloroform was added, and then
insolubles were removed by filtration and the solution was
washed with chloroform. The chloroform layers were com-
bined and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel flash
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/19, 1/9, 1/6) to obtain 131 (799 mg, 90%) as a pale
brown solid.

APCI-MS m/z 527[M+H]*
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Synthesis of THK-5116

To a chloroform (10 ml) solution of 131 (790 mg, 1.50
mmol), triffuoroacetic acid (5 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1 hour and water (5 ml) was added dropwise,
followed by further stirring at room temperature for 1 hour.
After the organic the solvent was distilled off under reduced
pressure, the reaction solution was made basic under ice
cooling using an aqueous saturated potassium carbonate solu-
tion. The precipitate was collected by filtration, washed with
water and then dried. The obtained solid was purified by NH
silica gel flash column chromatography (eluting solvent:
chloroform, chloroform/methanol=9/1, 1/1) and then washed
with methanol to obtain THK-5116 (396 mg, 84%) as a yel-
low solid. mp 219-221° C., 'H NMR (500 MHz, DMSO-d)
84.0-4.2 (3H,m), 4.4-4.7 (2H,m), 5.53 (3H,brs), 6.67 (2H,d,
J=8.6 Hz), 7.3-7.4 (2H,m), 7.87 (1H,d,]=7.3 Hz), 7.92 (1H,
d,J=8.6 Hz), 7.95(2H,d,J=8.7 Hz), 8.19 (1H,d,J=8.6 Hz)

IR (Nujol) 1623, 1600 cm™"

APCI-MS m/z 313[M+H]*
Synthesis Method of THK-5117
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Synthesis of 132

A mixture of 115 (625 mg, 1.69 mmol), 66 (619 mg, 1.86
mmol), potassium carbonate (467 mg, 3.4 mmol), tetraki-
striphenylphosphine palladium (195 mg, 0.169 mmol) and
1,2-dimethoxyethane (4.5 ml)-water (0.5 ml) was stirred
under an argon atmosphere at 85° C. for 16 hours. The reac-
tion solution was allowed to return to room temperature and
water was added, and the solution was extracted with ethyl
acetate. The extraction liquid was dried and the solvent was
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distilled oftunder reduced pressure, and then the residue was
purified by silica gel flash column chromatography (eluting
solvent: n-hexane, ethyl acetate/n-hexane=1/19, 1/9, 1/6) to
obtain 132 (920 mg, 100%) as a colorless oily substance.

APCI-MS m/z 541[M+H]*
Synthesis of THK-5117

To a chloroform (10 ml) solution of 132 (912 mg, 1.69
mmol), trifluoroacetic acid (5 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1 hour and water (5 ml) was added dropwise,
followed by further stirring at room temperature for 1 hour.
After the organic the solvent was distilled off under reduced
pressure, the reaction solution was made basic under ice
cooling using an aqueous saturated potassium carbonate solu-
tion, and the solution was extracted with chloroform-metha-
nol. The extraction liquid was dried and the solvent was
distilled oftunder reduced pressure, and then the residue was
washed with diisopropylether to obtain THK-5117 (468 mg,
85%) as a yellow solid.

mp 158-159° C., "H NMR (500 MHz, DMSO-d¢)d 2.75
(3H, d,J=1.8 Hz), 4.0-4.2 (3H, m), 4.4-4.7 (2H, m), 5.53
(1H,d,J=4.8 Hz), 6.09 (1H,brs), 6.65(2H,d,J=8.9 Hz), 7.3-7.4
(2H,m), 7.87 (1H,d,J=8.7 Hz), 7.94 (1H,d,J=8.7 Hz), 8.03
(2H,d,J=8.6 Hz),8.20 (1H,d,J=8.7 Hz)

IR (Nujol) 1600 cm™"
APCI-MS nvz 327[M+H]"*
Synthesis Method of THK-5100
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Synthesis of 133

To a N,N-dimethylformamide (10 ml) solution of 93 (790
mg, 2.34 mmol), 60% sodium hydride (112 mg, 2.81 mmol)
was added under ice cooling and stirring under an argon
atmosphere, and the mixture was stirred at the same tempera-
ture for 5 minutes and methyl iodide (0.22 ml, 3.5 mmol) was
added dropwise, followed by stirring at the same temperature
for 10 minutes. To the reaction solution, ice water was added,
and the solution was extracted with ethyl acetate. The extrac-
tion liquid was washed with water and dried, and then the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluting
solvent: ethyl acetate/n-hexane=1/9, 1/4) to obtain 133 (800
mg, 97%) as a pale yellow solid.

mp 144-145° C.

APCI-MS m/z 353[M+H]*
Synthesis of 134

To a chloroform (12 ml) solution of 133 (790 mg, 2.24
mmol), triffuoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1 hour. To the reaction solution, ice water was
added, and the solution was extracted with ethyl acetate after
adjusting the pH to 9 using an aqueous potassium carbonate
solution. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/4) to
obtain 134 (568 mg, 100%) as a pale yellow solid.

mp 134-134.5° C.

APCI-MS m/z 253[M+H]*
Synthesis of THK-5100

To a methanol (24 ml)-acetic acid (2.4 ml) solution of 134
(560 mg, 2.22 mmol) and acetoaldehyde (1.25 ml, 22.2
mmol), a picoline borane complex (710 mg, 6.66 mmol) was
added little by little under ice cooling and stirring, and the
mixture was stirred at room temperature for 16 hours. To the
reaction solution, ethyl acetate was added, and the solution
was extracted with ethyl acetate after adjusting the pH to 9
using an aqueous potassium carbonate solution. The extrac-
tion liquid was washed with water and dried, and then the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluting
solvent: n-hexane/ethyl acetate=9/1) and then washed with
n-hexane to obtain THK-5100 (475 mg, 76%) as pale yellow
crystals.

mp 137-138° C., "H NMR (400 MHz, DMSO-d,)$ 1.11
(3H,t,J=7.1 Hz), 3.01 (3H,s), 3.55(2H,q,J=7.1 Hz), 6.93 (1H,
d,J=2.7Hz),7.33 (2H,,]=8.9 Hz), 7.46(1H,dd,]=9.4,3.0 Hz),
7.87 (1H,d,J=9.4 Hz), 7.95(1H,d,J=8.8 Hz), 8.15(1H,d,]=8.8
Hz), 8.24 (2H,dd,J=9.1,5.7 Hz)

IR (Nujol) 1618 cm™*

APCI-MS m/z 281[M+H]*
Synthesis Method of THK-5091 and THK-5092
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Synthesis of 135

To a mixture of 79 (627 mg, 3.0 mmol), 99 (465 mg, 3.3
mmol) and 1,2-dimethoxyethane (20 ml), an aqueous 2M
sodium carbonate solution (3 ml, 6.0 mmol) and tetrakistriph-
enylphosphine palladium (173 mg, 0.15 mmol) were added
under an argon atmosphere, and the mixture was heated at
reflux for 3 hours. The reaction solution was allowed to return
to room temperature, diluted with ethyl acetate and then
washed in turn with water and saturated saline. The organic
layer was dried and the solvent was distilled offunder reduced
pressure, and then the residue was purified by silica gel flash
column chromatography (eluting solvent: n-hexane/ethyl
acetate=4/1, 3/1) to obtain 135 (700 mg, 87%) as a pale
yellow solid.

mp 159-161° C.

APCI-MS m/z 270 [M+H]*
Synthesis of 136

A mixture of 135 (260 mg, 0.96 mmol), 10% Pd—C (100
mg), ethanol (30 ml) and ethyl acetate (10 ml) was stirred
under a hydrogen atmosphere at room temperature for 16
hours. The catalyst was removed by filtration and the solvent
of the filtrate was distilled off under reduced pressure, and

138
then the residue was washed with diisopropylether to obtain
136 (178 mg, 77%) as a solid.
mp 156-157° C.
APCI-MS m/z 240[M+H]*
3 Synthesis of THK-5091, THK-5092

To a methanol (20 ml)-acetic acid (1 ml) solution of 136
(170 mg, 0.71 mmol) and acetoaldehyde (300 mg, 7 mmol), a
picoline borane complex (230 mg, 2.14 mmol) was added
little by little under ice cooling and stirring, and the mixture
was stirred at room temperature for 8 hours. To the reaction
solution, saturated saline was added and the solution was
extracted with ethyl acetate.

The extraction liquid was washed with saturated saline and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: n-hexane/ethyl acetate=10/1) to
obtain THK-5092 (120 mg, 57%) and THK-5091 (70 mg,
41%) in the order of elution.

2o THK-5092

Yellow oily substance, 'H NMR (400 MHz,CDCL,)8 1.07
(6H,t,J=7.2 Hz),3.22 (4H,q,J=7.2Hz), 7.09 (1H,dd,]=8.2,2.4
Hz), 7.20 (1H,dd,]=7.3,0.9 Hz), 7.67 (1H,dd,J=9.6,8.6 Hz),
7.80 (1H,d,J=9.1 Hz), 7.85(1H,d,J=8.5 Hz), 8.66(1H,m),
8.72 (1H,dd,J=8.8,0.9 Hz), 8.94 (1H,d,J=2.7 Hz)

IR (Nujol) 1586 cm™*

APCI-MS m/z 296[M+H]*

THK-5091

mp 175-176° C., "H NMR (400 MHz,CDCl,)d 1.48 (3H,
t,J=7.3 Hz), 3.35(2H,q,J=7.3 Hz), 4.27 (1H,brs), 6.66(1H,d,
J=7.0Hz),7.08 (1H,dd,J=7.9,2.1 Hz), 7.52 (1H,d,J=8.5 Hz),
7.61(1H,1),7.75 (1H,d,J=8.8 Hz), 8.27 (1H,d,J=8.8 Hz),8.66
(1H,m), 8.93 (1H,d,J=2.7 Hz)

IR (Nujol) 3332, 1610 cm™"

APCI-MS m/z 268[M+H]*

Synthesis Method of THK-5097
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Synthesis of 137

A mixture of 15 (3.73 g, 23 mmol), triisopropylsilane chlo-
ride (5.0 g, 26 mmol), imidazole (2.07 g, 26 mmol) and
N,N-dimethylformamide (50 ml) was stirred at room tem-
perature for 16 hours. To the reaction solution, ice water was
added and the solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel flash column chromatogra-
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phy (eluting solvent: n-hexane, n-hexane/ethyl acetate=3/1,
1/1) and then washed with n-hexane to obtain 137 (6.52 g,
89%) as a pale brown solid.
Synthesis of 138

To a methylene chloride (40 ml) solution of 137 (6.36 g, 20
mmol) and 4 (5.76 g, 28 mmol), a methylene chloride (10 ml)
solution of trifluoromethanesulfonic anhydride (4.3 ml, 26
mmol) was added dropwise under ice cooling and stirring,
and the mixture was stirred at the same temperature 1 hour. To
the reaction solution, ice water was added and insolubles
were removed by filtration, followed by washing with chlo-
roform. The organic layers were combined and dried, and
then the solvent was distilled off under reduced pressure. The
residue was purified by silica gel flash column chromatogra-
phy (eluting solvent: n-hexane, n-hexane/ethyl acetate=19/1,
9/1) to obtain 138 (8.60 g, 95%) as a brown oily substance.
Synthesis of 139

To a mixture of 138 (4.24 g, 9.4 mmol), 99 (1.54 g, 10.9
mmol) and 1,2-dimethoxyethane (80 ml), tripotassium phos-
phate (3.98 g) and tetrakistriphenylphosphine palladium (575
mg, 0.498 mmol) were added under an argon atmosphere, and
the mixture was heated at reflux for 16 hours. The reaction
solution was allowed to return to room temperature and
insolubles were removed by filtration, followed by washing
with chloroform. The organic layers were combined and the
solvent was distilled off under reduced pressure. To the resi-
due, chloroform-water was added and the solution was
extracted with chloroform. The extraction liquid was dried
and the solvent was distilled off under reduced pressure, and
then the residue was purified by silica gel flash column chro-
matography (eluting solvent: n-hexane, n-hexane/ethyl
acetate=50/1, 20/1) to obtain 139 (3.31 g, 88%) as a pale
brown oily substance.
Synthesis of 140

To 139 (3.31 g, 8.35 mmol), tetrahydrofuran (4 ml) and
then tetrabutylammonium fluoride (8.5 ml/1M tetrahydrofu-
ran solution) were added, and the mixture was stirred at room
temperature for 1 hour. The solvent of the reaction solution
was distilled off under reduced pressure, and the residue was
dissolved in chloroform and washed with water. The organic
layer was dried and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel flash
column chromatography (eluting solvent: chloroform, chlo-
roform/methanol=50/1, 20/1, 10/1) and then washed with
n-hexane and diisopropylether to obtain 140 (1.87 g, 93%) as
a pale brown solid.
Synthesis of 141

To a methylene chloride (20 ml) solutionof 140 (1.87 g, 7.8
mmol) and ethyldiisopropylamine (2.6 ml, 15.3 mmol), a
methylene chloride (10 ml) solution of trifluoromethane-
sulfonic anhydride (2.35 ml, 14.3 mmol) was added dropwise
under ice cooling and stirring, and the mixture was stirred at
room temperature for 1.5 hours. The reaction solution was
poured into ice water and the solution was extracted with
chloroform. The extraction liquid was dried and the solvent
was distilled oft under reduced pressure, and then residue was
purified by silica gel flash column chromatography (eluting
solvent: n-hexane, n-hexane/ethyl acetate=50/1, 20/1, 10/1)
to obtain 141 (1.81 g, 62%) as a pale yellow solid.
Synthesis of 142

To a mixture of 141 (2.03 g, 5.3 mmol), acetoamide (393
mg, 6.65 mmol) and 1,4-dioxane (50 ml), cesium carbonante
(2.49 g), Pd,(dba); (251 mg) and Xantphos (316 mg) were
added under an argon atmosphere, and the mixture was
heated at reflux for 16 hours. The reaction solution was
allowed to return to room temperature and insolubles were
removed by filtration, followed by washing with chloroform.
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The organic layers were combined and the solvent was dis-
tilled off under reduced pressure. To the residue, chloroform-
water was added and the solution was extracted with chloro-
form. The extraction liquid was dried and the solvent was
distilled oftunder reduced pressure, and then the residue was
purified by silica gel flash column chromatography (eluting
solvent: chloroform, chloroform/methanol=50/1, 20/1) to
obtain 142 (1.35 g, 88%) as a pale brown solid.
Synthesis of 143

To an N,N-dimethylformamide (8 ml) solution of 142 (650
mg, 2.3 mmol), 60% sodium hydride (111 mg, 2.7 mmol) was
added under ice cooling and stirring under an argon atmo-
sphere, and the mixture was stirred at the same temperature
for 20 minutes and an N,N-dimethylformamide (4 ml) solu-
tion of ethyl iodide (396 mg, 2.5 mmol) was added dropwise
at the same temperature, followed by stirring at room tem-
perature for 1 hour. To the reaction solution, ice water was
added and the solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel flash column chromatogra-
phy (eluting solvent: ethyl acetate/n-hexane=1/2, 1/1, 2/1)
and then washed with n-hexane to obtain 143 (575 mg, 80%)
as a pale brown solid.

APCI-MS m/z 310[M+H]*
Synthesis of 144

To a tetrahydrofuran (2 ml) solution of 143 (531 mg, 1.7
mmol), Zr(BH,), (14 ml/0.24M tetrahydrofuran solution)
was added dropwise under ice cooling and stirring, and the
mixture was stirred at the same temperature for 30 minutes.
To the reaction solution, methanol was added and the solvent
was distilled off under reduced pressure. To the residue, an
aqueous saturated sodium hydrogen carbonate solution-chlo-
roform was added and insolubles were removed by filtration,
and then the aqueous layer was extracted with chloroform.
The extraction liquid was dried and the solvent was distilled
off under reduced pressure, and then the residue was purified
by silica gel flash column chromatography (eluting solvent:
ethyl acetate/n-hexane=1/20, 1/10) to obtain 144 (249 mg,
49%) as a yellow oily substance.

APCI-MS m/z 296[M+H]*
Synthesis of THK-5097

After dissolving by adding oxalic acid (150 mg, 1.7 mmol)
to an acetone (10 ml) solution of 144 (246 mg, 0.83 mmol),
the solvent was distilled off under reduced pressure. The
residue was washed with diisopropylether to obtain THK-
5097 (305 mg, 84%) as an orange solid.

mp 127-129° C., "H NMR (400 MHz, DMSO-d¢)d 1.19
(6H,t,J=7.0Hz), 3.52 (4H,q,J=7.0 Hz), 7.01 (1H,d,J=2.5 Hz),
7.27 (1H,d,J=2.5 Hz), 7.34 (1H,dd,]=8.6,2.5 Hz),7.7-7.8
(2H,m), 8.24 (1H,d,J=8.5 Hz), 8.7-8.8 (1H,m), 9.02 (1H,d,
J=9.7 Hz)

IR (Nujol) 1659 cm™"

APCI-MS m/z 296[M+H]*
Synthesis of THK-5098
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Synthesis of 145

To an N,N-dimethylformamide (6 ml) solution of 142 (650
mg, 2.3 mmol), 60% sodium hydride (111 mg, 2.7 mmol) was
added under ice cooling and stirring under an argon atmo-
sphere, and the mixture was stirred at the same temperature
for 20 minutes and an N,N-dimethylformamide (4 ml) solu-
tion of ethyl iodide (360 mg, 2.5 mmol) was added dropwise
at the same temperature, followed by stirring at room tem-
perature for 1 hour. To the reaction solution, ice water was
added and the solution was extracted with ethyl acetate. The
extraction liquid was dried and the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
flash column chromatography (eluting solvent: ethyl acetate/
n-hexane=1/2, 1/1, 2/1) and then washed with n-hexane to
obtain 145 (518 mg, 76%) as a pale brown solid.

Synthesis of 146

To a tetrahydrofuran (4 ml) solution of 145 (517 mg, 1.75
mmol), Zr(BH,), (14 ml/0.24M tetrahydrofuran solution)
was added dropwise under ice cooling and stirring, and the
mixture was stirred at room temperature for 30 minutes. The
reaction solution was ice-cooled and methanol was added,
and the solvent was distilled off under reduced pressure. To
the residue, methanol was added and methanol was distilled
off under reduced pressure. To the residue, an aqueous satu-
rated sodium hydrogen carbonate solution-ethyl acetate was
added and insolubles were removed by filtration, and then
aqueous layer was extracted with ethyl acetate. The extraction
liquid was dried and the solvent was distilled off under
reduced pressure, and then the residue was purified by silica
gel flash column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/20, 1/10) to obtain 146 (258 mg, 52%) as
a yellow oily substance.

Synthesis of THK-5098

After dissolving by adding oxalic acid (164 mg, 1.8 mmol)
to an acetone (10 ml) solution of 146 (257 mg, 0.91 mmol),
the solvent was distilled off under reduced pressure. The
residue was washed with diisopropylether to obtain THK-
5098 (333 mg, 88%) as an orange solid.

'H NMR (400 MHz, DMSO-d)31.13 (3H,1,]=7.0 Hz),
3.05(3H,s), 3.58 (2H,q,J=7.0 Hz), 7.03 (1H,d,J=2.5 Hz),7.3-
7.4 (2H,m), 7.8-7.9 (2H,m), 8.25(1H,d,J=8.1 Hz), 8.7-8.8
(1H,m), 9.03 (1H,d,J=2.5 Hz)

IR (Nujol) 1646 cm™

APCI-MS m/z 282[M+H]*
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Synthesis of 147

To a tetrahydrofuran (15 ml) solution of 114 (840 mg, 4.68
mmol) and ethyl vinyl ether (1.35 ml, 10.0 mmol), paratolu-
enesulfonic acid pyridine salt (120 mg, 0.47 mmol) was
added, and the mixture was stirred at room temperature for
2.5 hours. After adjusting the pH of the reaction solution to 9
by adding triethylamine, the solvent was distilled off under
reduced pressure and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/9) to obtain 147 (970 mg, 82%) as a colorless oily
substance.

APCI-MS m/z 252/254[M+H]*
Synthesis of 148

To a 1,2-dimethoxyethane (70 ml) solution of 147 (2.08 g,
8.26 mmol) and 6a (2.90 g, 9.09 mmol), potassium carbonate
(3.43 g, 24.8 mmol), water (1.44 ml) and tetrakistriph-
enylphosphine palladium (960 mg, 0.83 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 9 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9) to obtain 148 (3.00 g, 89%) as a col-
orless solid.

mp 115-117° C.

APCI-MS m/z 409[M+H]*
Synthesis of 149

To an N,N-dimethylformamide (25 ml) solution of 148
(1.79 g, 4.38 mmol), 60% sodium hydride (210 mg, 5.25
mmol) was added under ice cooling and stirring and an argon
atmosphere at the same temperature. After stirring at the same
temperature for 10 minutes, methyl iodide (0.41 ml, 6.57
mmol) was added dropwise and the mixture was stirred at the
same temperature for 10 minutes. To the reaction solution, ice
water was added and the solution was extracted with ethyl
acetate. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/4) to
obtain 149 (1.85 g, 100%) as a colorless resinous substance.

APCI-MS m/z 423[M+H]*
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Synthesis of 150

To a chloroform (12 ml) solution of 149 (1.85 g, 4.38
mmol), triffuoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1 hour. To the reaction solution, ice water was
added and the solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was ground and then washed with ethyl acetate/n-
hexane (1/4) to obtain 150 (1.04 g, 95%) as orange crystals.

mp 273-275° C.

APCI-MS m/z 251[M+H]*
Synthesis of 151

To a methylene chloride (40 ml) suspension of 150 (1.03 g,
4.12 mmol) and triethylamine (1.72 ml, 12.36 mmol), trifluo-
roacetic anhydride (1.40 ml, 9.89 mmol) was added dropwise
under ice cooling and stirring, and the mixture was stirred at
the same temperature for 30 minutes. To the reaction solution,
ice water was added and the solution was extracted with ethyl
acetate. The extraction liquid was dried and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/2) and then purified by NH silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/1, ethyl acetate) to obtain 151 (1.40 g, 98%) as a
pale yellow solid.

mp 214-216° C.

APCI-MS m/z 347[M+H]*
Synthesis of 152

To a tetrahydrofuran (40 ml) suspension of 151 (1.39 g,
4.01 mmol), 63 (1.74 g, 4.82 mmol) and triphenylphosphine
(1.26 g, 4.82 mmol), a tetrahydrofuran (10 ml) solution of
diisopropyl azodicarboxylate (0.95 ml, 4.82 mmol) added
dropwise over 30 minutes under ice cooling and stirring, and
the mixture was stirred at the same temperature for 1 hour,
followed by stirring at room temperature for 16 hours. To the
reaction solution, 63 (1.45 g, 4.01 mmol), triphenylphosphine
(1.05 g, 4.01 mmol) and diisopropyl azodicarboxylate (0.80
ml, 4.01 mmol) were added, followed by further stirring at
room temperature for 1 hour. The solvent of the reaction
solution was distilled oft under reduced pressure and the
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/4) to obtain a col-
orless oily substance (5.65 g). To a chloroform (24 ml) solu-
tion of the present product (5.65 g), trifluoroacetic acid (16
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ml) was added dropwise under ice cooling and stirring and
water was added (16 ml), followed by stirring at room tem-
perature for 3 days. The reaction solution was extracted with
ethyl acetate after adjusting the pH to 9 using an aqueous
potassium carbonate solution. The extraction liquid was dried
and the solvent was distilled off under reduced pressure and
the residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/4, 2/3) to obtain
152 (2.15 g, 93%) as a yellow amorphous.

APCI-MS m/z 575[M+H]*
Synthesis of 153

To a methylene chloride (60 ml) solution of 152 (2.14 g,
3.72 mmol) and 3,4-dihydro-2H-pyran (6.75 ml, 74 mmol),
paratoluenesulfonic acid monohydrate (830 mg, 4.84 mmol)
was added, and the mixture was stirred at room temperature
for 1 hour. After adjusting the pH of the reaction solution to 9
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suing triethylamine, the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=1/9, 1/2) to obtain 153 (2.36 g, 96%) as a pale yellow
amorphous.

APCI-MS m/z 659 [M+H]+
Synthesis of THK-5119

To a tetrahydrofuran (28 ml)-water (11 ml) solution of 153
(2.35 g, 3.57 mmol), lithium hydroxide monohydrate (225
mg, 5.35 mmol) was added under ice cooling and stirring, and
the mixture was stirred at the same temperature for 30 min-
utes. Water was added to the reaction solution and the solution
was extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
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tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=2/3) to obtain THK-5119 (1.78 g, 89%) as
pale yellow crystals.

mp 126-126.5° C.

'HNMR (500 MHz, DMSO-d,) 8 1.35-1.71 (6H,m), 2.34,
2.34 (3H, s), 2.75 (3H, br), 3.38-3.46 (1H, m), 3.66-3.72,
3.81-3.88 (1H, m), 4.08-4.37 (5H, m), 4.69-4.72, 4.85-4.87
(1H,m), 6.10(1H, br), 6.66 (2H, d, J=9.0Hz), 7.22-7.25 (1H,
m), 7.27-7.29 (1H, m), 7.39-7.43 (2H, m), 7.77-7.81 (2H, m),
7.85 (1H, d, J=9.0 Hz), 7.96 (1H, d, J=8.7 Hz), 8.03 (2H, d,
J=8.7 Hz), 8.18 (1H, d, J=8.7 Hz)

IR (Nujol) 3377, 1621, 1610 cm™

APCI-MS m/z 563 [M+H]"

Synthesis Method of THK-5120
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Synthesis of 154

To a tetrahydrofuran (25 ml) suspension of 12 (340 mg,
1.16 mmol), 63 (500 mg, 1.39 mmol) and triphenylphosphine
(370 mg, 1.39 mmol), a tetrahydrofuran (5 ml) solution of
diisopropyl azodicarboxylate (0.28 ml, 1.39 mmol) was
added dropwise over 20 minutes under ice cooling and stir-
ring, and the mixture was stirred at room temperature for 16
hours. To the reaction solution, 63 (500 mg, 1.39 mmol),
triphenylphosphine (370 mg, 1.39 mmol) was added and
diisopropyl azodicarboxylate (0.28 ml, 1.39 mmol) was
added under ice cooling and stirring, followed by further
stirring at room temperature for 3 days. To the reaction solu-
tion, 63 (170 mg, 0.46 mmol), triphenylphosphine (120 mg,
0.46 mmol) was added and diisopropyl azodicarboxylate
(0.09 ml, 0.46 mmol) was added under ice cooling and stir-



US 9,249,101 B2

149

ring, followed by further stirring at room temperature for 1
day. The solvent of the reaction solution was distilled off
under reduced pressure and the residue was purified by silica
gel column chromatography (eluting solvent: ethyl acetate/
n-hexane=1/9). To the chloroform (12 ml) solution of the
obtained main fraction, trifluoroacetic acid (8 ml) was added
dropwise under ice cooling and stirring and water (2 ml) was
added, followed by further stirring at room temperature for 16
hours. To the reaction solution, ice water was added and the
solution was extracted with ethyl acetate after adjusting the
pH to 8 using an aqueous potassium carbonate solution. The
extraction liquid was dried and the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/3, 1/1) and then washed with ethyl acetate/n-hex-
ane (1/2) to obtain 154 (410 mg, 68%) as pale yellow crystals.
mp 167-168° C.
APCI-MS m/z 521[M+H]*
Synthesis of THK-5120

To a methylene chloride (10 ml) solution of 154 (400 mg,
0.77 mmol), 3,4-dihydro-2H-pyran (1.39 ml, 15.4 mmol) and
paratoluenesulfonic acid monohydrate (172 mg, 1.00 mmol)
were added, and the mixture was stirred at room temperature
for 10 minutes. After adjusting the pH of the reaction solution
to 9 using triethylamine, the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=1/4) to obtain THK-5120 (466 mg, 100%) as a pale
yellow amorphous.

'"H NMR (500 MHz, DMSO-dy) 8 1.14 (6H, t, ]=6.9 Hz),
1.34-1.69 (6H, m), 2.33,2.34 (3H, 5),3.22-3.32 (1H, m), 3.42
(4H, q, J=7.3 Hz), 3.66-3.72, 3.82-3.87 (1H, m), 4.09-4.37
(5H, m), 4.69-4.72, 4.85-4.87 (1H, m), 6.78 (2H, d, J=9.0
Hz), 7.22-7.26 (1H, m), 7.28-7.31 (1H, m), 7.38-7.43 (2H,
m), 7.77-7.82 (2H, m), 7.86 (1H, d, J=9.0 Hz), 7.97 (1H, d,

J=8.7 Hz), 8.07 (2H, d, J=9.0 Hz), 8.20 (1H, d, J=8.3 Hz)
APCI-MS m/z 605[M+H]*
Synthesis Method of THK-5121
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Synthesis of THK-5121

To a ethanol (12 ml)-acetic acid (1.2 ml)-chloroform (10
ml) solution of THK-5119 (600 mg, 1.07 mmol) and an
aqueous 20% formaldehyde solution (1.60 ml, 10.7 mmol),
picoline borane complex (342 mg, 3.21 mmol) was added
little by little under ice cooling and stirring, and the mixture
was stirred at room temperature for 1 hour. The reaction
solution was diluted with ethyl acetate and extracted with
ethyl acetate after adjusting the pH to 8 using an aqueous
potassium carbonate solution. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: n-hexane/
ethyl acetate=4/1) and then recrystallized from n-hexane/
ethyl acetate to obtain THK-5121 (566 mg, 92%) as pale
yellow crystals.

mp 152-154° C.

'HNMR (500 MHz, DMSO-d,) § 1.34-1.68 (6H, m), 2.34
(3H, s), 3.01 (6H, s),3.41-3.47 (1H, m), 3.65-3.72,3.81-3.87
(1H, m), 4.10-4.37 (5H, m), 4.68-4.72, 4.85-4.87 (1H, m),
6.85(2H, d, J=7.4 Hz), 7.25-7.37 (2H, m), 7.39-7.43 (2H, m),
7.77-7.81 (2H, m), 7.88-7.96 (1H, m), 8.01-8.07 (1H, m),
8.11 (2H, d, J=8.7 Hz), 8.23-8.32 (1H, m)

IR (Nujol) 1622 cm™

APCI-MS m/z 577[M+H]*

Synthesis Method of THK-5122
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Synthesis of 156

To a mixture of 115 (650 mg, 1.76 mmol), 6 (580 mg, 2.11
mmol) and 1,2-dimethoxyethane (20 ml), sodium carbonate
(372 mg, 3.50 mmol) and water (2 ml) were added and tet-
rakistriphenylphosphine palladium (102 mg, 0.088 mmol)
was added under an argon atmosphere and the mixture was
heated at reflux for 48 hours. To the reaction solution, tetraki-
striphenylphosphine palladium (102 mg, 0.088 mmol) was
added, and the mixture was heated at reflux for 24 hours under 49
an argon atmosphere. The reaction solution was allowed to
return to room temperature and silica gel was added, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=10/1) to obtain 156
(750 mg, 89%) as a pale yellow solid.

mp 104-105° C.
Synthesis of THK-5122

To a mixture of 156 (740 mg, 1.55 mmol) and tetrahydro-
furan (20 ml), 1M tetra-n-butylammonium fluoride/tetrahy-
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drofuran (2.0 ml, 2.00 mmol) was added, and the mixture was
stirred at room temperature for 1 hour. The reaction solution
was poured into water, and the solution was extracted with
ethyl acetate. The extraction liquid was washed with saturated
saline and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: n-hexane/ethyl
acetate=3/1, 2/1) and then recrystallized from ethyl acetate/
n-hexane (1/1) to obtain THK-5122 (448 mg, 78%) as crys-
tals.

mp 126-127° C.

'HNMR (400 MHz, CDCl,) 8 1.21 (6H, t, J=7.0 Hz), 2.60
(1H, brs), 3.43 (4H, q, J=7.0 Hz), 4.14-4.23 (2H, m), 4.26-
4.37(1H, m),4.53-4.62 (1H, m), 4.66-4.74 (1H, m), 6.78 (2H,
d, I=8.8 Hz), 7.06 (1H, d, J=2.7 Hz), 7.32 (1H, dd, J=9.0, 2.7
Hz),7.78 (1H, d, J=9.0 Hz), 7.99 (1H, d, I=7.0 Hz), 8.01 (1H,
d, J=7.0 Hz), 8.03 (2H, d, J=8.8 Hz)

IR (Nujol) 3378, 1620, 1596 cm™

APCI-MS m/z 369[M+H]*

Synthesis Method of THK-5123



US 9,249,101 B2

153 154
o -continued
AN TsO OH
= OTBS
) )OI\ :
N CF;
157
OH
TsO\)\/O N
/ —_—
) JOI\
N CF;s
158
TsO.
(0]
THPOj\/ x
/ B
) )O]\
N CF;
159
TsO
(0]
THPO A
=
N O
NH,
THK-5123
Synthesis of 157 mp 253-254° C.

To a chloroform (12 ml) solution of 148 (1.20 g, 2.94
mmol), trifluoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 1.5 hours. To the reaction solution, ice water
was added, and the solution was extracted with chloroform/
methanol after adjusting the pH to 9 using an aqueous potas-
sium carbonate solution. The extraction liquid was dried the
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/1, ethyl acetate).
To a methylene chloride (20 ml) suspension of the obtained
orange solid (650 mg) and triethylamine (1.13 ml, 8.13
mmol), triffuoroacetic anhydride (0.92 ml, 6.5 mmol) was
added dropwise under ice cooling and stirring, followed by
stirring at the same temperature for 30 minutes. To the reac-
tion solution, ice water was added and the solution was
extracted with chloroform/methanol. The extraction liquid
was dried the solvent was distilled off under reduced pressure.
The residue was purified by silica gel column chromatogra-
phy (eluting solvent: ethyl acetate/n-hexane=1/1) and then
washed with ethyl acetate/n-hexane (1/4) to obtain 157 (360
mg, 37%) as pale brown crystals.

45

65

APCI-MS m/z 333[M+H]*
Synthesis of 158

To a tetrahydrofuran (25 ml) suspension of 157 (350 mg,
1.05 mmol), 63 (911 mg, 2.53 mmol) and triphenylphosphine
(664 mg, 2.53 mmol), a tetrahydrofuran (8 ml) solution of
diisopropyl azodicarboxylate (0.5 ml, 2.52 mmol) was added
dropwise over 20 minutes under ice cooling and stirring, and
the mixture was stirred at the same temperature for 1 hour,
followed by stirring at room temperature for 3 days. The
solvent of the reaction solution was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/4). To a chloroform (16 ml) solution of the obtained
main fraction, trifluoroacetic acid (11 ml) was added drop-
wise under ice cooling and stirring and water (2.5 ml) was
added, followed by further stirring at room temperature for 16
hours. The reaction solution was diluted with chloroform and
extracted with chloroform after adjusting the pH to 8 using an
aqueous potassium carbonate solution. The extraction liquid
was dried and purified by silica gel column chromatography
(eluting solvent: chloroform, ethyl acetate/n-hexane=1/2,
1/1) to obtain 158 (490 mg, 83%) as a pale yellow solid.



US 9,249,101 B2

155

mp 186-188° C.

APCI-MS m/z 561[M+H]*
Synthesis of 159

To a methylene chloride (20 ml) suspension of 158 (480
mg, 0.86 mmol) and 3,4-dihydro-2H-pyran (1.55 ml, 17.2
mmol), paratoluenesulfonic acid monohydrate (192 mg, 1.12
mmol) was added, and the mixture was stirred at room tem-
perature for 10 minutes. After adjusting the pH of the reaction
solution to 8 by adding triethylamine, the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/4, 1/2) to obtain 159 (480 mg, 87%) as a
pale yellow solid.

mp 112-115° C.

APCI-MS m/z 645[M+H]*

OTBS

OTBS

Synthesis of THK-5123

To a tetrahydrofuran (9 ml)-water (3 ml) solution of 159
(470 mg, 0.73 mmol), lithium hydroxide monohydrate (46
mg, 1.09 mmol) was added under ice cooling and stirring, and
the mixture was stirred at the same temperature for 1.5 hours,
followed by stirring at room temperature for 1 hour. Lithium
hydroxide monohydrate (46 mg, 1.09 mmol) and methanol (2
ml) were added, followed by further stirring at room tempera-
ture for 16 hours. The reaction solution was diluted with ethyl
acetate, washed with water and dried, and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl

156
acetate/n-hexane=2/3, 1/1) to obtain THK-5123 (380 mg,
95%) as a pale yellow amorphous.

'"HNMR (500 MHz, DMSO-d) § 1.34-1.71 (6H, m), 2.33,
2.34(3H,s),3.37-3.46 (1H, m). 3.66-3.72,3.82-3.87 (1H, m),
4.08-4.36 (5H, m), 4.69-4.72, 4.84-4.87 (1H, m), 5.52 (2H,
br), 6.68 (2H, d, J=8.7 Hz), 7.21-7.25 (1H, m), 7.26-7.29 (1H,
m), 7.38-7.43 (2H, m), 7.77-7.81 (2H, m), 7.84 (1H, d, I=9.3
Hz),7.93 (1H, d, J=8.7 Hz), 7.96 (1H, d, ]=8.7 Hz), 8.17 (1H,
d, J=8.7 Hz)

IR (Nujol) 3452, 1728, 1622 cm™*

APCI-MS m/z 549[M+H]*

Synthesis Method of THK-5125
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THK-5125

Synthesis of 161

To a mixture of 115 (650 mg, 1.76 mmol), 160 (733 mg,
2.11 mmol) and 1,2-dimethoxyethane (20 ml), sodium car-
bonate (372 mg, 3.50 mmol) and water (2 ml) were added, and
tetrakistriphenylphosphine palladium (102 mg, 0.088 mmol)
was added under an argon atmosphere, and then the mixture
was heated at reflux for 33 hours. The reaction solution was
allowed to return to room temperature, filtered with celite and
then purified by silica gel flash column chromatography (elut-
ing solvent: n-hexane/ethyl acetate=10/1) to obtain 161 (900
mg, 93%) as a viscous oily substance.
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Synthesis of THK-5125

To a mixture of 161 (900 mg, 1.62 mmol) and tetrahydro-
furan (20 ml), 1M tetra-n-butylammonium fluoride/tetrahy-
drofuran (2.0 ml, 2.00 mmol) was added, and the mixture was
stirred at room temperature for 1 hour. The reaction solution
was poured into water, and the solution was extracted with
ethyl acetate. The extraction liquid was washed with saturated
saline and dried, and then the solvent was distilled off under
reduced pressure. To a methylene chloride (20 ml) solution of
the residue, trifluoroacetic acid (4 ml) was added dropwise,
followed by stirring at room temperature for 1.5 hours. The
reaction solution was diluted with ethyl acetate and the solu-
tion was made basic with an aqueous saturated sodium hydro-
gen carbonate solution. The organic layer was washed with

EtOY

O

158

saturated saline and dried, and then the solvent was distilled
off under reduced pressure. The residue was recrystallized
from ethyl acetate to obtain THK-5125 (350 mg, 63%) as pale
brown crystals.

mp 146-147° C.

'"HNMR (400 MHz, CDC15) 8 1.29 (3H, t, I=7.1 Hz), 2.61
(1H, br), 3.24 (2H, q,J=7.1 Hz), 3.80 (1H, br), 4.14-4.23 (2H,
m), 4.32 (1H, brd, J=18 Hz), 4.54-4.62 (1H, m), 4.65-4.74
(1H, m), 6.71 (2H, d, J=8.8 Hz), 7.07 (1H, d, J=2.7 Hz), 7.33
(1H, dd, J=9.0, 2.7 Hz), 7.76 (1H, d, J=8.8 Hz), 8.01 (2H, d,
J=8.8 Hz), 8.02 (1H, d, J=9.0 Hz), 7.90-8.20 (1H, br)

IR (Nujol) 3432, 3356, 1621, 1598 cm™!

APCI-MS m/z 341 [M+H]*

Synthesis Method of THK-5131
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-continued
OTHP

TsO\)\/O N
O =
N

THK-5131

Synthesis of 162

To a 1,2-dimethoxyethane (20 ml) solution of 147 (600 mg,
2.38 mmol) and 160 (830 mg, 2.38 mmol), potassium carbon-
ate (990 mg, 7.14 mmol), water (0.41 ml) and tetrakistriph-
enylphosphine palladium (275 mg, 0.24 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 16 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9) to obtain 162 (1.02 g, 98%) as a pale
yellow viscous oily substance.

APCI-MS m/z 437[M+H]*
Synthesis of 163

To a chloroform (10 ml) solution of 162 (1.01 g, 2.31
mmol), trifluoroacetic acid (1 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at the
same temperature for 40 minutes and trifluoroacetic acid (0.5
ml) was added, followed by stirring at the same temperature
for 10 minutes. To the reaction solution, ice water-ethyl
acetate was added, and the solution was extracted with ethyl
acetate after adjusting the pHto 9 using an aqueous potassium
carbonate solution. The extraction liquid was dried and the
solvent was distilled off under reduced pressure and the resi-
due was purified by silica gel column chromatography (elut-
ing solvent: n-hexane/ethyl acetate=4/1, 2/1) to obtain 163
(740 mg, 88%) as a pale yellow solid.

mp 205-206° C.

APCI-MS m/z 365[M+H]*
Synthesis of 164

To a tetrahydrofuran (30 ml) solution of 163 (730 mg, 2.00
mmol), 63 (1.74 g, 4.81 mmol) and triphenylphosphine (1.26
g, 4.81 mmol), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (0.95 ml, 4.81 mmol) was added
dropwise over 20 minutes under ice cooling and stirring, and
the mixture was stirred at the same temperature for 1 hour,
followed by stirring at room temperature for 4 days. The
solvent of the reaction solution was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/9). To a chloroform (24 ml) solution of the obtained
colorless oily substance (2.53 g), trifluoroacetic acid (16 ml)
was added dropwise under ice cooling and stirring and water
(4 ml) was added, followed by stirring at room temperature
for 16 hours. To the reaction solution, ice water and ethyl
acetate were added and the solution was extracted with ethyl
acetate by adjusting the pH to 8 using an aqueous potassium
carbonate solution. The extraction liquid was dried and the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluting
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160

solvent: ethyl acetate/n-hexane=1/2, ethyl acetate) and then
washed with ethyl acetate/n-hexane (1/2) to obtain 164 (880
mg, 89%) as yellow crystals.

mp 162-164° C.

APCI-MS m/z 493[M+H]*

Synthesis of THK-5131

To a methylene chloride (20 ml) suspension of 164 (440
mg, 0.893 mmol), 3,4-dihydro-2H-pyran (1.62 ml, 17.9
mmol) and paratoluenesulfonic acid monohydrate (200 mg,
1.16 mmol) were added, and the mixture was stirred at room
temperature for 15 minutes. After adjusting the pH of the
reaction solution to 8 using triethylamine, the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/2) and then recrystallized from ethyl
acetate/n-hexane to obtain THK-5131 (389 mg, 76%) as pale
yellow crystals.

mp 103-105° C.

'"H NMR (500 MHz, DMSO-dy) 8 1.20 3H, t, J=7.1 Hz),
1.34-1.69 (6H, m), 2.33, 2.34 (3H, s), 3.09-3.15 (2H, m),
3.37-3.46 (1H, m), 3.66-3.72, 3.80-3.88 (1H, m), 4.09-4.37
(5H, m), 4.69-4.72, 4.84-4.87 (1H, m), 6.01 (1H, br), 6.67
(2H, d, J=8.3 Hz), 7.23 (1H, d, J=9.0 Hz), 7.26-7.29 (1H, m),
7.38-7.43 (2H, m),7.77-7.81 (2H, m), 7.85 (1H, d, J=9.0 Hz),
7.95(1H, d, J=8.7 Hz), 8.01 (2H, d, J=8.7 Hz), 8.18 (1H, d,
J=8.0 Hz)

IR (Nujol) 3360, 1619, 1608 cm™

APCI-MS m/z 577[M+H]*

Synthesis Method of THK-5127
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Synthesis of 165

To a 1,2-dimethoxyethane (63 ml) suspension of 147 (1.94
g, 7.71 mmol) and 94 (2.72 g, 8.48 mmol), potassium carbon-
ate (3.20 g, 23.1 mmol), water (1.34 ml) and tetrakistriph-
enylphosphine palladium (890 mg, 0.77 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 16 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/4) and then recrystallized from ethyl
acetate/n-hexane to obtain 165 (2.78 g, 88%)) as pale yellow
crystals.

mp 182-183° C.

APCI-MS m/z 410[M+H]*
Synthesis of 166

To a chloroform (40 ml) solution of 165 (2.77 g, 6.76
mmol), trifluoroacetic acid (4 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at room
temperature for 20 minutes. To the reaction solution, ice
water was added and the solution was extracted with ethyl
acetate-tetrahydrofuran after adjusting the pH to 9 using an
aqueous potassium carbonate solution. The extraction liquid
was dried and the solvent was distilled off under reduced
pressure, and then the residue was recrystallized from ethyl
acetate to obtain 166 (2.00 g, 88%) as pale yellow crystals.

mp 325-326° C.

APCI-MS m/z 338[M+H]*
Synthesis of 167

To a tetrahydrofuran (40 ml) solution of 166 (1.50 g, 4.45
mmol), 16 (1.11 g, 5.35 mmol) and triphenylphosphine (1.40
g, 5.35 mmol), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (1.06 ml, 5.35 mmol) was added
dropwise over 30 minutes under ice cooling and stirring, and
the mixture was stirred at the same temperature for 1 hour,
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followed by stirring at room temperature for 3 days. To the
reaction solution, 16 (830 mg, 4.00 mmol) and triphenylphos-
phine (1.05 g, 4.00 mmol) were additionally added, and the
diisopropyl azodicarboxylate (0.79 ml, 4.00 mmol) was
added dropwise under ice cooling and stirring, followed by
further stirring at room temperature for 5 hours. The solvent
of' the reaction solution was distilled off under reduced pres-
sure, and the residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/9,
1/4) and then recrystallized from ethyl acetate/n-hexane to
obtain 167 (1.51 g, 64%) as colorless crystals.

mp 188-189° C.
APCI-MS m/z 528[ M+H]*
Synthesis of THK-5127

To a chloroform (24 ml) solution of 167 (1.50 g, 2.84
mmol), trifluoroacetic acid (16 ml) was added dropwise under
ice cooling and stirring, and water (4 ml) was added, and the
mixture was stirred at room temperature for 16 hours. To the
reaction solution, ice water and then ethyl acetate were added,
and the solution was extracted with ethyl acetate after adjust-
ing the pH to 9 using an aqueous potassium carbonate solu-
tion. The extraction liquid was dried and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl
acetate) and then recrystallized from ethyl acetate to obtain
THK-5127 (717 mg, 81%) as pale yellow crystals.

mp 196-197° C.

{1 NMR (400 MHz, DMSO-d,) & 4.06-4.19 (3H, m),
4.44-4.65 (2H, m), 5.54 (1H, d, J=5.7 Hz), 6.33 (2H, 5), 6.57
(1H,d, J=8.8 Hz), 7.36-7.41 (2H, m), 7.87-7.91 (1H, m), 7.97
(1M, d, J=8.8 Hz), 8.21-8.27 (2H, m), 8.80 (1, d, ]=2.4 Hz)

IR (Nujol) 3440, 1651, 1619 cm™*
APCI-MS m/z 314[M+H]*
Synthesis Method of THK-5150

HO

AN TsO OH
P OTBS
N N 63
P
N NHBoc
166
OTBS
TsO. (0)
x
=
N AN —_—
Z
N NHBoc
168
OH
TsO\)\/O
x
=
N \ —_—
&
N NH,
169



US 9,249,101 B2

163 164
—continued (1H, d, 1=9.0 Hz), 7.98 (1H, d, J=8.7 Hz), 8.21 (1H, d, ]=8.7
OTHP Hz), 8.25 (1H, dd, 1=8.7, 2.6 Hz), 8.80 (1, d, I=2.2 Hz)

TsO o) IR (Nujol) 1621 cm™
5 APCI-MS m/z 550[M+H]"*
N x Synthesis Method of THK-5152

\

\

N NH,

EtO
10
THK-5150
Synthesis of 168

To a tetrahydrofuran (30 ml) solution, 166 (980 mg, 2.91 s N/ x
mmol), 63 (2.51 g, 6.98 mmol) and triphenylphosphine (1.83 |
g, 6.98 mmol), a tetrahydrofuran (10 ml) solution of diiso- Y
propyl azodicarboxylate (1.38 ml, 6.98 mmol) was added |
dropwise over 10 minutes under ice cooling and stirring, and Boc
the mixture was stirred at the same temperature for 1 hour, ,,
followed by stirring at room temperature for 2 days. The
solvent of the reaction solution was distilled off under EO
reduced pressure, and the residue was washed with ethyl \‘/
acetate/n-hexane=1/4) after grinding to obtain 168 (1.38 g, ¢
70%) as colorless crystals. 25
mp 204-206° C. P
APCI-MS m/z 680 [M+H]* N A —
Synthesis of 169 |
To a chloroform (24 ml) solution of 168 (1.98 g, 2.91 N/ N/
mmol), trifluoroacetic acid (16 ml) was added dropwise under 3¢ |
ice cooling and stirring, and water (4 ml) was added, and the Boc
mixture was stirred at room temperature for 16 hours. To
reaction solution, ice water and ethyl acetate were added, and

170
. . . HO
the solution was extracted with ethyl acetate after adjusting x OTBS
the pH to 8 using an aqueous potassium carbonate solution, 3 TSO\/I\/OH
and the solution was extracted with ethyl acetate after adjust- N/ S
ing the pH to 8 using an aqueous potassium carbonate solu- P _ 63
N N

tion. The extraction liquid was dried and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/1, ethyl acetate) and then washed with
ethyl acetate/n-hexane (1/1) to obtain 169 (940 mg, 69%) as
colorless crystals.
mp 168-169° C. 45 OTBRS
APCI-MS m/z 466[M+H]*
Synthesis of THK-5150
To a ethylene chloride (20 ml) solution of 169 (930 mg,
2.00 mmol), 3,4-dihydro-2H-pyran (3.62 ml, 40.0 mmol) and
paratoluenesulfonic acid monohydrate (447 mg, 2.60 mmol) 50
were added, and the mixture was stirred at room temperature
for 40 minutes. Paratoluenesulfonic acid monohydrate (344
mg, 2.0 mmol) was added, followed by stirring at room tem-
perature for 10 minutes. After adjusting the pH of the reaction
solution to 8 by adding triethylamine, ethyl acetate and water 55
were added, followed by stirring at room temperature for 10
minutes. The organic layer was separated and dried, and then

\)\/O
OH
the solvent was distilled off under reduced pressure. The T O\)\/O
S

x
| -
N/ Il\I _Boc
residue was purified by silica gel column chromatography x
(eluting solvent:ethyl acetate/n-hexane=1/1, 2/1, ethyl 60
acetate) to obtain THK-5150 (510 mg, 46%) as a colorless N/ AN
. —_—
foam-like substance. |
'HNMR (500 MHz, DMSO-d,) 8 1.35-1.68 (6H, m), 2.34, NZ Sam

165

|
Boce

\CEIO\
&
N

172

TsO

2.34(3H, 5),3.36-3.46 (1H, m). 3.66-3.71,3.82-3.87 (1, m),

4.09-4.37 (5H, m), 4.70, 4.84-4.87 (11, m), 6.37 (2H, 5), 6.57 65

(1H,d, J=8.7 Hz), 7.23-7.27 (1H, m), 7.29-7.31 (1H, m), 7.41 173
(2H, dd, 1=8.2, 1.8 Hz), 7.79 (2H, dd, ]=8.7, 2.6 Hz), 7.87



US 9,249,101 B2

165
-continued
OTHP
TsO. O \
N | AN
=
N I|\TH
THK-5152
Synthesis of 170

To an N,N-dimethylformamide (30 ml) suspension of 165
(1.87 g, 4.57 mmol), 60% sodium hydride (220 mg, 5.5
mmol) was added little by little under ice cooling and stirring
an argon atmosphere, and the mixture was stirred at the same
temperature for 15 minutes and methyl iodide (0.43 ml, 6.9
mmol) was added dropwise at the same temperature, fol-
lowed by stirring at the same temperature for 5 minutes and
further stirring at room temperature for 30 minutes. To the
reaction solution, ice water was added and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/9, 1/4) to obtain 170 (1.93 g, 100%) as a
pale yellow oily substance.

APCI-MS m/z 424[M+H]*

Synthesis of 171

To chloroform (20 ml) solution of 170 (1.93 g, 4.56 mmol),
trifluoroacetic acid (4 ml) was added dropwise under ice
cooling and stirring, and the mixture was stirred at the same
temperature for 1 hour. To the reaction solution, water and
ethyl acetate were added, and the solution was extracted with
ethyl acetate after adjusting the pH to 8 using an aqueous
potassium carbonate solution. The extraction liquid was dried
and the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=2/1) and then
washed with n-hexane/ethyl acetate=2/1 to obtain 171 (1.57
g, 98%) as pale yellow crystals.

mp 179-180° C.

APCI-MS m/z 352[M+H]*

Synthesis of 172

To a tetrahydrofuran (20 ml) suspension of 171 (500 mg,
1.42 mmol), 63 (1.23 g, 3.42 mmol) and triphenylphosphine
(900 mg, 3.42 mmol), a tetrahydrofuran (10 ml) solution of
diisopropyl azodicarboxylate (0.68 ml, 3.42 mmol) was
added dropwise over 5 minutes under ice cooling and stirring,
and the mixture was stirred at the same temperature for 1
hour, followed by stirring at room temperature for 16 hours.
The solvent of the reaction solution was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/9, 1/4) and then recrystallized from ethyl acetate/
n-hexane (1/9) to obtain 172 (950 mg, 96%) as colorless
crystals.

mp 112-113° C.

APCI-MS m/z 694[M+H]*

Synthesis of 173

To a chloroform (18 ml) solution of 172 (940 mg, 1.35
mmol), trifluoroacetic acid (12 ml) was added dropwise under
ice cooling and stirring, and water (3 ml) was added, and the
mixture was stirred at room temperature for 16 hours. To the
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reaction solution, ice water and ethyl acetate were added, and
the solution was extracted with ethyl acetate after adjusting
the pH to 8 using an aqueous potassium carbonate solution.
The extraction liquid was dried and the solvent was distilled
off under reduced pressure, and the residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/1, ethyl acetate) to obtain 173 (400 mg,
62%) as a pale yellow solid.

mp 162-163° C.

APCI-MS m/z 480[M+H]*
Synthesis of THK-5152

To a chloroform (20 ml) suspension of 173 (390 mg, 0.81
mmol), 3,4-dihydro-2H-pyran (1.47 ml, 16.3 mmol) and
paratoluenesulfonic acid monohydrate (322 mg, 1.87 mmol)
were added, and the mixture was stirred at room temperature
for 20 minutes. After adjusting the pH of the reaction solution
to 8 by adding triethylamine, the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=2/1, ethyl acetate) and then recrystallized from ethyl
acetate/n-hexane to obtain THK-5152 (442 mg, 97%) as col-
orless crystals.

mp 129-130° C.

'"HNMR (400 MHz, DMSO-dy) 8 1.33-1.71 (6H, m), 2.32
(3H,s),2.85 (3H, d, J=4.8 Hz), 3.36-3.51 (1H, m), 3.65-3.73,
3.81-3.89 (1H, m), 4.09-4.38 (SH, m), 4.70, 4.86 (1H, m),
6.58 (1H, d, I=8.8 Hz), 6.89 (1H, q,J=4.8 Hz), 7.23-7.27 (1H,
m), 7.29-7.32 (1H, m), 7.39-7.43 (2H, m), 7.79 (2H, dd,
J=8.3,2.0Hz),7.87 (1H, d, J=9.1 Hz), 7.99 (1H, d, J=8.8 Hz),
8.21(1H,d,J=8.8 Hz),8.26 (1H, dd, J=8.8, 2.4 Hz),8.87 (1H,
d, J=2.4 Hz)

IR (Nujol) 3355, 1623, 1604 cm™*

APCI-MS m/z 564|[M+H]*

Synthesis Method of THK-5129

OH
F\)\/O
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Synthesis of THK-5129

To a methanol (8.6 ml)-acetic acid (0.86 ml) solution THK-
of 5127 (123 mg, 0.39 mmol) and an aqueous 20% formal-
dehyde solution (1.18 ml, 7.8 mmol), a picoline borane com-
plex (252 mg, 2.36 mmol) was added little by little under ice
cooling and stirring, and the mixture was stirred at room
temperature for 3 hours. To the reaction solution, water was
added, and the solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
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the solvent was distilled off under reduced pressure. The
residue was purified by NH silica gel column chromatogra-
phy (eluting solvent: n-hexane/ethyl acetate=1/2), purified by

168
Synthesis Method of THK-5130

silica gel column chromatography (eluting solvent: n-hexane/ OH
ethyl acetate=1/2) and then recrystallized from ethyl acetate/ 5 ¢ 0
n-hexane to obtain THK-5129 (100 mg, 75%) as pale yellow N
crystals. P —
mp 172-173° C. N AN
'H NMR (400 MHz, DMSO-d,) 8 3.12 (6H, s), 4.06-4.19
(3H, m), 4.44-4.65 (2H, m), 5.54 (11, d, I=4.8 Hz), 6.78 11, '° N i
d,J=9.1 Hz), 7.37-7.41 (2H, m), 7.88-7.93 (1H, m), 8.01 (1H, ’
d, J=8.8 Hz), 8.25 (1H, d, J=8.8 Hz), 8.36 (1H, dd, J=9.1, 2.4 o THK-5127
Hz), 8.95 (1H, d, J=2.4 Hz)
IR (Nujol) 3378, 1620, 1611 cm™! 15 F\)\/O
APCI-MS m/z 342[M+H]* N
Synthesis Method of THK-5135
7z N
O
OTHP 2 . > N
TsO. O SN
—_—
N/ = THK-5130
25
F
N NH, Synthesis of THK-5130
THK-5150 To a methanol (16 ml)-acetic acid (1.6 ml) suspension of
OTHP THK-5127 (449 mg, 1.43 mmol) and acetaldehyde (78 mg/ml
methanol solution: 3.24 ml, 5.73 mmol), a picoline borane
150 0 X >0 complex (460 mg, 4.30 mmol) was added little by little under
ice cooling and stirring, and the mixture was stirred at room
= N temperature for 4 hours. Acetaldehyde (78 mg/ml methanol
N | solution: 3.24 ml, 5.73 mmol) and a picoline borane complex
P 35 (460 mg, 4.30 mmol) were added, followed by stirring at
N N room temperature for 16 hours. To the reaction solution,
| water and ethyl acetate were added, and the solution was
extracted with ethyl acetate after adjusting the pH to 9 using
THK-5135 : . . .
an aqueous potassium carbonate solution. The extraction lig-
40 uid was washed with water and dried, and then the solvent

Synthesis of THK-5135

To a methanol (20 ml)-acetic acid (2 ml) solution of THK-
5150 (500 mg, 0.91 mmol) and an aqueous 20% formalde-
hyde solution (2.73 ml, 18.2 mmol), a picoline borane com-
plex (584 mg, 5.46 mmol) was added little by little at room
temperature under stirring, and the mixture was stirred at
room temperature for 1 hour. To the reaction solution, water
and ethyl acetate were added, and the solution was extracted
with ethyl acetate after adjusting the pH to 9 using an aqueous
potassium carbonate solution. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: n-hexane/
ethyl acetate=1/1) and then recrystallized from ethyl acetate/
n-hexane to obtain THK-5135 (331 mg, 63%) as pale yellow
crystals.

mp 135-138° C.

'H NMR (400 MHz, DMSO-d,) § 1.34-1.70 (6H, m), 2.34
(3H, s),3.12 (6H, s), 3.38-3.51 (1H, m), 3.65-3.73,3.81-3.89
(1H, m), 4.08-4.38 (5H, m), 4.69-4.73, 4.84-4.88 (1H, m),
6.79 (1H, d, J=9.1 Hz), 7.24-7.28 (1H, m), 7.30-7.33 (1H, m),
7.39-7.43 (2H, m), 7.79 (2H, dd, J=8.5, 2.1 Hz), 7.88 (1H, d,
J=9.1 Hz), 8.02 (1H, d, J=8.8 Hz), 8.23 (1H, d, J=8.8 Hz),
8.37 (1H, dd, J=9.1, 2.4 Hz), 8.96 (1H, d, J=2.4 Hz)

IR (Nujol) 1624 cm™*

APCI-MS m/z 578[M+H]*
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was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: n-hexane/ethyl acetate=2/1, 1/1) and then recrystallized
from ethyl acetate/n-hexane to obtain THK-5130 (479 mg,
91%) as pale yellow crystals.

mp 131-132° C.

'H NMR (400 MHz, DMSO-d,) 8 1.15 (6H, t, J=7.1 Hz),
3.57(4H, q,J=7.1 Hz), 4.00-4.19 (3H, m), 4.44-4.65 (2H, m),
5.54(1H, d, =4.8 Hz),6.74 (1H, d,]=9.1 Hz), 7.36-7.41 (2H,
m), 7.87-7.92 (1H, m), 8.00 (1H, d, J=8.8 Hz), 8.24 (1H, d,
J=8.8 Hz), 8.33 (1H, dd, J=9.1, 2.4 Hz), 8.93 (1H, d, =24
Hz)

IR (Nujol) 3275, 1622 cm™"

APCI-MS m/z 370[M+H]*

Synthesis Method of THK-5138
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OH
TSO\)\/O N
N/ | \ —_—
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174
OTHP
TsO. @) N
N | A
=
N I\E\
THK-5138
Synthesis of 174

To a methanol (13 ml)-acetic acid (1.3 ml)-chloroform (10
ml) solution of 169 (550 mg, 1.18 mmol) and acetaldehyde
(0.66 ml, 11.8 mmol), picoline borane complex (890 mg, 8.32
mmol) was added little by little under ice cooling and stirring,
and the mixture was stirred at room temperature for 4 days. To
the reaction solution, water and ethyl acetate were added, and
the solution was extracted with ethyl acetate after adjusting
the pH to 8 using an aqueous potassium carbonate solution.
The extraction liquid was washed with water and dried, and
then the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=1/1, ethyl acetate) to
obtain 174 (560 mg, 91%) as a pale yellow foam-like sub-
stance.

APCI-MS m/z 522[M+H]*
Synthesis of THK-5138

To a chloroform (20 ml) solution of 174 (550 mg, 1.05
mmol), 3,4-dihydro-2H-pyran (1.19 ml, 21.1 mmol), para-
toluenesulfonic acid monohydrate (420 mg, 2.43 mmol) was
added, and the mixture was stirred at room temperature for 10
minutes. After adjusting the pH of the reaction solution to 8
by adding triethylamine, the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=1/4, 1/2) and then washed with ethyl acetate/n-hexane to
obtain THK-5138 (477 mg, 75%) as pale yellow crystals.

mp 102-104° C.

'"H NMR (400 MHz, DMSO-dy) 8 1.15 (6H, t, ]=7.0 Hz),
1.30-1.50 (4H, m), 1.52-1.69 (2H, m), 2.34 (3H, 5), 3.36-3.46
(1H, m), 3.57 (4H, q, J=6.7 Hz), 3.65-3.73, 3.81-3.88 (1H,
m), 4.08-4.38 (SH, m), 4.69-4.72, 4.84-4.88 (1H, m), 6.73
(1H,d,J=9.1Hz),7.23-7.27 (1H, m), 7.29-7.32 (1H, m), 7.41
(2H, d, I=7.3 Hz), 7.79 (2H, dd, J=8.2, 2.1 Hz), 7.87 (1H, d,
J=9.1 Hz), 8.00 (1H, d, J=8.8 Hz), 8.22 (1H, d, J=8.8 Hz),
8.34 (1H, dd, J=9.1, 2.4 Hz), 8.94 (1H, d, J=2.4 Hz)

IR (Nujol) 1620 cm™*

APCI-MS m/z 606[M+H]*
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170
Synthesis Method of THK-5151

OTBS

m

w%
w%

H
THK-5151

Synthesis of 175

To 115 (175 mg, 0.473 mmol), 99 (71.1 mg, 0.505 mmol),
sodium carbonate (105 mg, 0.992 mmol) and dichlorobis
(triphenylphosphine)palladium (3.6 mg, 0.00513 mmol), 2.5
ml of a mixed solution of water/ethanol/1,2-dimethoxyethane
(each ratio=0.55:0.4:1.25) was added, and the mixture was
heated at reflux at 90° C. for 90 minutes. The reaction solution
was allowed to return to room temperature and water (40 ml)
was added, and the solution was extracted with ethyl acetate
(2x40 ml) and then dried over magnesium sulfate. The extrac-
tion solvent was distilled off and the residue was purified by
silica gel flash column chromatography (eluting solvent:
n-hexane/ethyl acetate=85/15, 60/40) to obtain 175 (191 mg,
94%) as crystalline substance. E1-MS m/z 430 [M]+
Synthesis of 176

175 (106 mg, 0.247 mmol) was dissolved in tetrahydrofu-
ran (3.0 ml) and a 1M tetrabutylammonium fluoride/acetoni-
trile solution (0.37 ml, 0.37 mmol) was added, and the mix-
ture was reacted at room temperature for 90 minutes reaction.
To the reaction solution, water (30 ml) was added, and the
solution was extracted with ethyl acetate (3x30 ml) and then
dried over magnesium sulfate. The extraction solvent was



US 9,249,101 B2

171

distilled off, and the residue was purified by silica gel flash
column chromatography (eluting solvent: n-hexane/ethyl
acetate=45/55, 20/80) to obtain 176 (74.1 mg, 95%) as white
crystals. EI-MS m/z 316[M]*.

Synthesis of THK-5151

176 (52.4 mg, 0.166 mmol) was dissolved in methanol (2.0
ml) and a 40% monomethylaamine/methanol solution (0.60
ml, 5.8 mmol) was added, and the mixture was heated at 40°
C. for 7 hours, followed by stirring with heating at 50° C. for
17 hours. After the reaction solution returned to room tem-
perature, the solvent was distilled off and the residue was
purified by silica gel flash column chromatography (eluting
solvent: ethyl acetate/methanol=100/0, 70/30) to obtain
THK-5151 (46.0 mg, 85%) as yellow crystals. EI-MS m/z
327 [M]".

'H NMR (600 MHz, CDCl,) 8 3.01 (3H, d, ]=4.8 Hz),
4.20-4.25 (2H, m), 4.32-4.38 (1H, m), 4.59-4.65 (1H, m),
4.67-4.73 (1H, m), 4.85 (1H, br), 6.54 (1H, d, J=8.4 Hz), 7.11
(1H, d, J=3.0 Hz), 7.37 (1H, dd, J=3.0, 9.6 Hz), 7.76 (1H, d,
J=8.4 Hz), 8.02 (1H, d, J=9.6 Hz), 8.06 (1H, d, J=8.4 Hz),
8.36 (1H, dd, J=1.8, 9.0 Hz), 8.82 (1H, d, J=1.8 Hz).
Synthesis Method of THK-5177

OTBS

20

172
Synthesis of 189

From 115 (112 mg, 0.302 mmol) and 188 (91.0 mg, 0.301
mmol), 189 (a yellow crystal, 94.6 mg, 62%) was synthesized
in the same manner as in the compound 175. EI-MS m/z
509[M]*.

Synthesis of THK-5177

189 (75.0 mg, 0.147 mmol) was dissolved in tetrahydrofu-
ran (3.0 ml) and a 1M tetrabutylammonium fluoride/acetoni-
trile solution (0.37 ml, 0.37 mmol) was added, and the mix-
ture was reacted at room temperature for 90 minutes reaction.
To the reaction solution, water (30 ml) was added, and the
solution was extracted with ethyl acetate (3x30 ml) and then
dried over magnesium sulfate. The extraction solvent was
distilled off and the residue was purified by silica gel flash
column chromatography (eluting solvent: n-hexane/ethyl
acetate=45/55, 20/80) to synthesize THK-5177 (yellow crys-
tals, 40.8 mg, 70%). EI-MS m/z 395[M]*.

'"HNMR (600 MHz, CDCl,) 82.38 (3H, s), 2.54 (1H, br),
2.61 (4H, 1, J=4.8 Hz), 3.33 (4H, t, ]=4.8 Hz), 4.20-4.24 (2H,
m), 4.31-4.38 (1H, m), 4.59-4.65 (1H, m), 4.67-4.73 (1H, m),
7.04 (1H, d, J=9.0 Hz), 7.10 (1H, d, J=3.0 Hz), 7.36 (1H, dd,
J=3.0,9.0Hz),7.81 (1H, d, J=8.4 Hz), 8.04 (1H, d, J=9.6 Hz),
8.05 (1H, d, J=9.0 Hz), 8.08 (2H, d, J=9.0 Hz).

O\B N N
g /

F\)\/O
m
=
N ClL
115

OTBS

@

189

OH

F\)\/O AN
O F
N

THK-5177

~
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Synthesis Method of THK-5178

NN SN

N 190
Z
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115
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N N/\
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\)\/ AN
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N | A
P
N N/\
k/NH
THK-5178
Synthesis of 191 45 in THK-5177. EI-MS m/z 382 [M]*. 'H NMR (600 MHz,

From 115 (134 mg, 0.361 mmol) and 190 (146 mg, 0.505 CDCl;) 9 2.19 (1H, s), 2.54 (1H, br), 3.02 (4H, t, J=5.4 Hz),
mmol), 191 (a yellow crystal, 144 mg, 80%) was synthesized 3.63 (4H,t,J=5.4 Hz), 4.20-4.24 (2H, m), 4.32-4.38 (1H, m),

in the same manner as in the compound 4.59-4.65 (1H, m), 4.67-4.73 (1H, m), 6.78 (1H, d, J=9.0 Hz),
175. EI-MS m/z 496[M]*. 7.11(1H,d,J=2.4Hz),7.37 (1H,dd, J=2.4,9.0Hz),7.78 (1H,
Synthesis of THK-5178 50 d, J=9.0 Hz), 8.02 (1H, d, J=9.6 Hz), 8.06 (1H, d, J=8.4 Hz),

From 191 (30.4 mg, 0.065 mmol), THK-5178 (amilk white 8.38 (1H, dd, J=2.4, 9.0 Hz), 8.90 (1H, d, J=2.4 Hz).
crystal, 13.3 mg, 54%) was synthesized in the same manner as Synthesis Method of THK-5180

OTBS i >B—®—N©N_
A T

115

\
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-continued
OTBS

195

OH

/

\

THK-5180

Synthesis of 195

From 115 (180 mg, 0.486 mmol) and 194 (157 mg, 0.517
mmol), 195 (a white crystal, 119 mg, 48%) was synthesized
in the same manner as in the compound

175. EI-MS m/z 510[M]".
Synthesis of THK-5180

From 195 (86.0 mg, 0.168 mmol), THK-5180 (white crys-
tals, 48.6 mg, 73%) was synthesized in the same manner as in
THK-5177. EI-MS m/z 396[M]*.

1H NMR (600 MHz, CDCL,) 8 2.37 (3H, 5), 2.46 (1H, d,
J=5.4 Hz), 2.55 (4H, t, J=5.4 Hz), 3.69 (4H, t, J=5.4 Hz),
4.20-4.25 (2H, m), 4.31-4.38 (1M, m), 4.59-4.65 (1H, m),
4.67-4.73 (10, m), 6.79 (11, d, 1=9.0 Hz), 7.11 (11, d, ]=2.4
Hz),7.37 (1H,dd, J=3.0, 9.6 Hz), 7.76 (11, d, 1=9.0 Hz), 8.02
(1H,d, J=9.0 Hz), 8.06 (1H, d, I=8.4 Hz), 8.38 (1M, dd, J=2.4,
9.0 Hz), 8.90 (1, d, J=2.4 Hz).

Synthesis Method of THK-5142

EtO \(

O

165

35

40

45

55

60

176

-continued

200
HO.

THK-5142

200

To an N,N-dimethylformamide (30 ml) suspension of 165
(2.09 g, 5.10 mmol), 60% sodium hydride (245 mg, 6.12
mmol) was added little by little under ice cooling and stirring
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and an argon atmosphere. After stirring at the same tempera-
ture for 10 minutes, ethyl iodide (0.616 ml, 7.66 mmol) was
added dropwise, and the mixture was stirred at the same
temperature for 1 hour, followed by stirring at room tempera-
ture for 30 minutes. To the reaction solution, ice water was
added and the solution was extracted with ethyl acetate. The
extraction liquid was washed with water and dried, and then
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/4) to obtain 200
(2.07 g, 92%) as a colorless oily substance.

APCI-MS nyz 438§[M+H]"*
201

To a chloroform (30 ml) solution of 200 (2.06 g, 4.71
mmol), trifluoroacetic acid (5 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at the
same temperature for 20 minutes. To the reaction solution,
water was added, and the solution was extracted with ethyl
acetate after adjusting the pHto 7 using an aqueous potassium
carbonate solution. The extraction liquid was dried and the
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography
(eluting solvent: n-hexane/ethyl acetate=2/1) and then recrys-
tallized from n-hexane/ethyl acetate to obtain 201 (1.26 g,
73%) as pale yellow crystals.

mp 181-182° C.
APCI-MS m/z 366 [M+H]+
Synthesis of THK-5142

To a tetrahydrofuran (20 ml) solution of 201 (750 mg, 2.05
mmol), 16 (1.03 g, 4.93 mmol) and triphenylphosphine (1.29
g, 4.93 mmol), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (0.98 ml, 4.93 mmol) was added
dropwise under ice cooling and stirring, and the mixture was
stirred at the same temperature for 1 hour, followed by stirring
at room temperature for 16 hours. The solvent of the reaction
solution was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/20, 1/9) to obtaina
colorless oily substance (1.69 g) containing the objective
product. To a chloroform (18 ml) solution of the present
product (1.69 g), trifluoroacetic acid (12 ml) was added drop-
wise under ice cooling and stirring, and water (3 ml) was
added, followed by stirring at room temperature for 16 hours.
To the reaction solution, ice water and then ethyl acetate were
added, and the solution was extracted with ethyl acetate after
adjusting the pH to 9 using an aqueous potassium carbonate
solution. The extraction liquid was dried and the solvent was
distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/1, 2/1) and then recrystallized
from ethyl acetate to obtain THK-5142 (465 mg, 66%) as
colorless crystals.

mp 154-155° C.

'"H NMR (400 MHz, DMSO-dg) 8 1.17 (3H, t, ]=7.3 Hz),
3.29-3.38 (2H, m), 4.06-4.20 (3H, m), 4.44-4.65 (2H, m),
5.53 (1H, d, J=5.7 Hz), 6.58 (1H, d, J=8.8 Hz), 6.90 (1H, t,
J=5.4 Hz), 7.39 (1H, d, J=2.7 Hz), 7.39 (1H, dd, J=8.8, 2.7
Hz),7.90 (1H, d, J=8.8 Hz), 7.97 (1H, d, ]=8.5Hz), 8.23 (1H,
d, J=8.5 Hz), 8.25 (1H, dd, J=8.8, 2.7 Hz), 8.85 (1H, br)

IR (Nujol) 3333, 1625 cm™

APCI-MS m/z 342[M+H]*
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178
Synthesis Method of THK-5143
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THK-5143
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To a tetrahydrofuran (20 ml) solution of 201 (500 mg, 1.37
mmol), 63 (1.18 g, 3.28 mmol) and triphenylphosphine (860
mg, 3.28 mmol), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (0.65 ml, 3.28 mmol) was added
dropwise under ice cooling and stirring, followed by stirring
atthe same temperature for 1 hour and further stirring at room
temperature for 2 days. The solvent of the reaction solution
was distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/4) to obtain a colorless solid
(1.51 g) containing the objective product. To a chloroform (18
ml) solution of the present product (1.51 g), trifluoroacetic
acid (12 ml) was added dropwise under ice cooling and stir-
ring, and water (3 ml) was added, followed by stirring at room
temperature for 3 days. To the reaction solution, ice water and
ethyl acetate were added, and the solution was extracted with
ethyl acetate after adjusting the pH to 8 using an aqueous
potassium carbonate solution. The extraction liquid was dried
and the solvent was distilled off under reduced pressure, and
the residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=2/1, ethyl acetate)
and then washed with ethyl acetate/n-hexane=1 to obtain 202
(520 mg, 77%) as colorless crystals.

mp 158-159° C.

APCI-MS m/z 494[M+H]*

Synthesis of THK-5143

To a chloroform (20 ml) suspension of 202 (510 mg, 1.03
mmol), 3,4-dihydro-2H-pyran (1.87 ml, 20.7 mmol) and
paratoluenesulfonic acid monohydrate (409 mg, 2.38 mmol)
were added, and the mixture was stirred at room temperature
for 20 minutes. After adjusting the pH of the reaction solution
to 8 by adding triethylamine, the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/1, 2/1) and then recrystallized from ethyl acetate/
n-hexane to obtain THK-5143 (508 mg, 85%) as colorless
crystals.

mp 93-94° C.
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'H NMR (400 MHz, DMSO-d,) 8 1.17 (3H, t, ]=7.3 Hz),
1.33-1.72 (6H, m), 2.34 (3H, ), 3.30-3.37 (211, m), 3.37-3.47
(1H, m), 3.69-3.73, 3.81-3.88 (1H, m), 4.09-4.37 (5H, m),
4.71,4.84-4.88 (11, m), 6.58 (1M, d, J=8.8 Hz), 6.91 (1, t,
J=5.3 Hz), 7.23-7.27 (1H, m), 7.29-7.31 (11, m), 7.39-7.43
(2H, m), 7.77-7.82 (2H, m), 7.98 (11, d, I=8.8 Hz), 7.97 (1H,
d,J=8.5Hz), 8.21 (1, d, ]=8.5 Hz), 8.25 (1, dd, J=9.1, 2.4
Hz), 8.86 (1H, br)

IR (Nujol) 3347, 1622, 1602 cm™"

APCI-MS m/z 578[M+H]*

Synthesis Method of THK-5136
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Synthesis of 309

To a 1,2-dimethoxyethane (30 ml) solution 0f307 (900 mg,
3.58 mmol) and 308 (990 mg, 3.58 mmol), potassium carbon-
ate (1.48 g, 10.7 mmol), water (0.62 ml) and tetrakistriph-
enylphosphine palladium (410 mg, 0.36 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 16 hours. The reaction solution was allowed to return to
room temperature and water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/2) to obtain 309 (1.31 g, 100%) as a pale
yellow solid.

mp 112-113° C.

APCI-MS m/z 366|[M+H]*
Synthesis of 310

To a chloroform (20 ml) solution of 309 (1.31 g, 3.58
mmol), triffuoroacetic acid (2 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at the
same temperature for 30 minutes. To the reaction solution, ice
water was added and the solution was extracted with ethyl
acetate after adjusting the pH to 8 using an aqueous potassium
carbonate solution. The extraction liquid was washed with
water and dried, and then the solvent was distilled off under
reduced pressure. The residue was washed with n-hexane/
ethyl acetate=4/1 to obtain 310 (950 mg, 90%) as pale yellow
crystals.

mp 273-274° C.

APCI-MS m/z 294[M+H]*
Synthesis of 312

To a tetrahydrofuran (20 ml) solution 0of 310 (500 mg, 1.71
mmol), 311 (852 mg, 4.09 mmol) and triphenylphosphine
(1.07 g, 4.09 mmol), a tetrahydrofuran (10 ml) solution of
diisopropyl azodicarboxylate (0.81 ml, 4.09 mmol) was
added dropwise over 15 minutes under ice cooling and stir-
ring, and the mixture was stirred at the same temperature for
1 hour, followed by stirring at room temperature for 4 days.
The solvent of the reaction solution was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/4, 1/2) to obtain 312 (710 mg, 86%) as a pale
yellow solid.

mp 139-140° C.

APCI-MS m/z 484[M+H]*
Synthesis of THK-5136

To a tetrahydrofuran (20 ml) solution of 312 (700 mg, 1.45
mmol), 1M tetra-n-butylammonium fluoride/tetrahydrofuran
(1.45 ml, 1.45 mmol) was added dropwise at room tempera-
ture under stirring, and the mixture was stirred at room tem-
perature for 1 hour. To the reaction solution, water was added,
and the solution was extracted with ethyl acetate. The extrac-
tion liquid was dried and the solvent was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/2, 2/1) and then recrystallized from ethyl acetate to
obtain THK-5136 (466 mg, 87%) as pale yellow crystals.

mp 169-170° C.

'H NMR (400 MHz, DMSO-d,) § 3.12 (3H, s), 3.52 (2H,
t, J=4.5 Hz), 4.06-4.19 (3H, m), 4.27 (2H, t, J=4.5 Hz),
4.44-4.65 (2H, m), 5.53 (1H, d, J=4.2 Hz), 7.37-7.41 (2H, m),
7.78 (1H, d, J=1.8 Hz), 7.88-7.92 (1H, m), 8.00 (1H, d, J=8.5
Hz), 8.24 (1H, d, J=8.8 Hz), 8.56 (1H, d, J=2.1 Hz)

IR (Nujol) 1620 cm™*

APCI-MS m/z 370[M+H]*
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Synthesis Method of THK-5153
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Synthesis of 332

To a tetrahydrofuran (70 ml) solution of 331 (5.25 g, 35.66
mmol), N-bromosuccinimide (6.35 g, 35.66 mmol) was
added at -78° C. under an argon atmosphere, and the mixture
was stirred at the same temperature for 3 hours, followed by
stirring at room temperature for 16 hours. To the reaction
solution, water and ethyl acetate were added, and the solution
was extracted with ethyl acetate after adjusting the pH to 9
using an aqueous potassium carbonate solution. The extrac-
tion liquid was dried and the solvent was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/50) to obtain 332 (7.38 g, 91%) as a colorless oily
substance.

APCI-MS m/z 226/228[M+H]*
Synthesis of 333

To a 1,4-dioxane (200 ml) solution of 332 (7.37 g, 32.6
mmol) and 314 (9.93 g, 39 mmol), potassium acetate (9.6 g,
97.8 mmol) and Pd(dppf)Cl,.CH,Cl, (1.19 g, 1.46 mmol)
were added under an argon atmosphere, and the mixture was
heated at reflux at 100° C. for 8 hours. The reaction solution
was allowed to return to room temperature and insolubles
were filtration with celite, and the solvent of the filtrate was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/50) to obtain 333 (4.71 g, 53%) as a pale
yellow solid.

mp 129-130° C.

APCI-MS m/z 274[M+H]*
Synthesis of 334

To a 1,2-dimethoxyethane (107 ml) solution 0f 333 (4.46 g,
16.3 mmol) and 307 (3.28 g, 13.0 mmol), potassium carbon-
ate (5.40 g, 39.0 mmol), water (2.27 ml) and tetrakistriph-
enylphosphine palladium (1.51 g, 1.3 mmol) were added
under an argon atmosphere, and the mixture was stirred at 80°
C. for 16 hours. The reaction solution was allowed to return to
room temperature and sodium sulfate was added, followed by
drying and further filtration with celite. The solvent of the
filtrate was distilled off under reduced pressure and the resi-
due was purified by silica gel column chromatography (elut-
ing solvent: ethyl acetate/n-hexane=1/9) to obtain 334 (4.52
g, 95%) as a yellow oily substance.

APCI-MS m/z 363[M+H]*
Synthesis of 335

To a chloroform (24 ml) solution of 334 (4.51 g, 12.4
mmol), trifluoroacetic acid (16 ml) was added dropwise under
ice cooling and stirring, and the mixture was stirred at the
same temperature for 20 minutes. To the reaction solution,
water and ethyl acetate were added and the solution was
extracted with ethyl acetate after adjusting the pH to 8 using
an aqueous potassium carbonate solution. The extraction lig-
uid was washed with water and dried and the solvent was
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distilled oftunder reduced pressure, and then the residue was
washed with ethyl acetate/n-hexane=1/1 to obtain 335 (3.17
g, 88%) as orange crystals.

mp 323-325° C.

APCI-MS m/z 291[M+H]*
Synthesis 0f 336

To a mixture of 335 (500 mg, 1.72 mmol), 311 (861 mg,
4.13 mmol), triphenylphosphine (1.08 g, 4.13 mmol) and
tetrahydrofuran (20 ml), a tetrahydrofuran (10 ml) solution of
iisopropyl azodicarboxylate (0.82 ml, 4.13 mmol) was added
dropwise over 10 minutes under ice cooling and stirring, and
the mixture was stirred at the same temperature for 1 hour,
followed by stirring at room temperature for 4 days. The
solvent of the reaction solution was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/9) to obtain 336 (820 mg, 99%) as a pale yellow
solid.

mp 84-85° C.

APCI-MS m/z 481[M+H]*

Synthesis of THK-5153

To a tetrahydrofuran (10 ml) solution 0336 (810 mg, 1.69
mmol), 1M tetra-n-butylammonium fluoride/tetrahydrofuran
(1.69 ml, 1.69 mmol) was added dropwise at room tempera-
ture under stirring, and the mixture was stirred at room tem-
perature for 1 hour. To the reaction solution, water was added,
and the solution was extracted with ethyl acetate. The extrac-
tion liquid was dried and the solvent was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/2) and then recrystallized from ethyl acetate to
obtain

THK-5153 (353 mg, 57%) as pale yellow crystals.

mp 137-138° C.

'HNMR (500 MHz, DMSO-d,) 8 1.89-1.97 (2H, m), 2.81
(2H, t, J=6.4 Hz), 2.94 (3H, s), 3.30 (2H, t, ]=5.8 Hz), 4.06-
4.18 (3H, m), 4.46-4.63 (2H, m), 5.55 (1H, s), 6.68 (1H, d,
J=9.0 Hz), 7.38-7.43 (2H, m), 7.84 (1H, d, J=1.9 Hz), 7.91
(1H,dd, J=8.7,2.2 Hz), 7.92-7.95 (1H, m), 7.99 (1H, d, J=8.7
Hz), 8.26 (1H, d, J=8.7 Hz)

IR (Nujol) 1598 cm™*

APCI-MS m/z 367[M+H]*

Synthesis Method of THK-5157
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-continued
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Synthesis of 339

To a tetrahydrofuran (100 ml) suspension of 335 (2.00 g,
6.89 mmol), 1M t-butoxy potassium/tetrahydrofuran (7.58
ml, 7.58 mmol) was added dropwise and dissolved at room
temperature under stirring and an argon atmosphere. The
solvent of the reaction solution was distilled off under
reduced pressure, and 18-crown-6 (1.82 g, 6.89 mmol) and
acetonitrile (40 ml) were added to the residue. After cooling
to =78°C., an acetonitrile (10 ml) solution 0338 (1.87 g, 12.4
mmol) was added dropwise, the mixture was stirred under an
argon atmosphere at room temperature for 16 hours. To the
reaction solution, water was added and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and dried, and then the solvent was dis-
tilled off under reduced pressure. The residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/4, ethyl acetate) and then washed with
ethyl acetate/n-hexane=1/100 to obtain 339 (1.81 g, 73%) as
pale yellow crystals.

mp 135-136° C.

APCI-MS m/z 361[M+H]*
Synthesis of 340

To a mixture of trimethylsulfoxonium iodide (1.65 g, 7.50
mmol) and DMSO (20 ml), 60% sodium hydride (300 mg,
7.50 mmol) was added under ice cooling and stirring, and the
mixture was stirred at room temperature for 30 minutes. The
reaction solution was ice-cooled and a tetrahydrofuran (10
ml) solution 0339 (1.80 g, 4.99 mmol) was added dropwise,
followed by stirring at room temperature for 1 hour. To the
reaction solution, ice water was added, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with water and died, and then the solvent was distilled
off under reduced pressure and the residue was purified by
silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/4) to obtain 340 (1.74 g, 93%) as a pale
yellow oily substance.

APCI-MS m/z 375[M+H]*
Synthesis of THK-5157

A mixture of 340 (1.73 g, 4.62 mmol), n-Bu,NH,F; (232
mg, 0.46 mmol) and KHF, (722 mg, 9.24 mmol) was stirred
at 120° C. for 2 hours. The reaction solution was allowed to
return to room temperature, water and ethyl acetate were
added and the solution was extracted with ethyl acetate after
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adjusting the pH to 8 using an aqueous potassium carbonate
solution. The extraction liquid was washed with water and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/4,
1/3) and then recrystallized from ethyl acetate to obtain THK-
5157 (474 mg, 26%) as pale yellow crystals.

mp 163-164° C.

'"H NMR (400 MHz, DMSO-dy) 8 1.21 (3H, s), 1.22 (3H,
s), 1.90-1.96 (2H, m), 2.81 (2H, t, J=6.3 Hz), 2.93 (3H, s),
3.30 (2H, t, J=5.8 Hz), 4.54-4.61 (1H, m), 4.67 (1H, ddd,
J=48,10,7.1 Hz), 4.93 (1H, ddd, J=48, 10,2.9 Hz), 4.95 (1H,
d, J=6.7Hz), 6.68 (1H, d, J=8.7 Hz), 7.44-7.49 (2H, m), 7.85
(1H, d, J=2.2 Hz), 7.89-7.94 (2H, m), 7.97 (1H, d, J=8.7 Hz),
8.22 (1H, d,J=8.3 Hz)

IR (Nujol) 3267, 1620, 1599 cm™"

APCI-MS m/z 395[M+H]*

Synthesis Method of THK-5128
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| -continued
N
P AN
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Synthesis of 302

A mixture of 301 (3.65 g, 19.6 mmol), 75% methachlo-
robenozic acid (5.20 g, 22.6 mmol) and chloroform (40 ml)
was stirred at room temperature for 2 hours. The reaction
solution was washed in turn with an aqueous sodium thiosul-
fate solution, an aqueous saturated sodium hydrogen carbon-
ate solution and saturated saline. The organic layer was dried
and the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluting solvent: chloroform/methanol=30/1, 10/1) and the
washed with diisopropyl ether to obtain 302 (3.30 g, 83%) as
a solid.

mp 145-146° C.
Synthesis of 303

A mixture 0f302 (3.20 g, 16.3 mmol), paratoluenesulfonyl
chloride (3.3 g, 17.3 mmol), potassium carbonate (2.5 g, 18.1
mmol) and chloroform (60 ml) was heated at reflux for 3
hours. The reaction solution was allowed to return to room
temperature and water was added, and the solution was
extracted with chloroform. The extraction liquid was washed
in turn with an aqueous saturated sodium hydrogen carbonate
solution and a saturated saline and, after drying, the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: n-hexane/ethyl acetate=2/1) to obtain 303 (2.30 g, 64%)
as a colorless solid.

mp 110-111° C.

APCI-MS m/z 221[M+H]*
Synthesis of 305

A mixture of 303 (883 mg, 4.0 mmol), 304 (1.224 g, 4.8
mmol), 1,2-dimethoxyethane (20 ml), sodium carbonate (848
mg, 8.0 mmol), water (2 ml) and tetrakistriphenylphosphine
palladium (231 mg, 0.2 mmol) was heated at reflux under an
argon atmosphere for 18 hours. The reaction solution was
allowed to return to room temperature and water was added,
and the solution was extracted with ethyl acetate. The extrac-
tion liquid was washed in turn with water and saturated saline
and, after drying, the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/toluene=1/10, 1/4)
to obtain 305 (1.38 g, 87%) as a colorless solid.

mp 160-161° C.
Synthesis of 306

To a tetrahydrofuran (30 ml) suspension of NaBH, (380
mg, 10 mmol), a tetrahydrofuran (5 ml) solution of BF;.Et,O
(1.86 g, 13.1 mmol) was added dropwise at 0° C., and the
mixture was stirred at the same temperature for 30 minutes.
To the present reaction solution, a tetrahydrofuran (10 ml)
solution of 305 (1.30 g, 3.28 mmol) was added dropwise at 0
to 5° C., and the solution was stirred at the same temperature
for 20 minutes, followed by stirring at room temperature for
1 hour. The reaction solution was ice-cooled and an aqueous
saturated sodium hydrogen carbonate solution was added
dropwise, and the solution was stirred and then extracted with
ethyl acetate. The extraction liquid was washed in turn with
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water and saturated saline and, after drying, the solvent was -continued

distilled off under reduced pressure. The residue was purified NHAc ~
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/4, 1/3) and then washed with n-hexane- / o/
diisopropyl ether to obtain 306 (980 mg, 78%) as an orange > N
solid.
mp 175-176° C. NO,
318

APCI-MS nv/z 382[M+H]"*
Synthesis of THK-5128 10 NHAc

To a methylene chloride (15 ml) solution of 306 (900 mg,
2.36 mmol), trifluoroacetic acid (3 ml) was added dropwise
under ice cooling and stirring, and the mixture was stirred at
room temperature for 1 hour. The reaction solution was ice- 15
cooled and diluted with ethyl acetate, and the solution was 310
made basic with 28% ammonia water, followed by liquid OTBS

separation. The organic layer was washed in turn with water
and saturated saline and, after drying, the solvent was distilled F
—
(0]

AcNH AN
offunder reduced pressure. The residue was purified by silica 20
gel column chromatography (eluting solvent: toluene, ethyl -
acetate/toluene=1/3) and then recrystallized from ethyl N
acetate to obtain THK-5128 (545 mg, 82%) as yellow crys-
tals. NO,
320

mp 204-205° C. (dec.) 23

'HNMR (400 MHz, CDCl,) 8 3.08 (6H, s), 3.86 (2H, brs), Ac OTBS
6.80(1H, d,J=2.7Hz), 6.87 (1H, dd, J=9.2, 8.8 Hz), 7.36 (1H, |
dd, 1=9.4, 2.7 Hz), 7.66 (1H, d, J=8.8 Hz), 7.72 (1H, dd, /N F
J=8.8,1.8Hz),7.86 (1H, dd, J=13, 1.8 Hz), 7.96 (1H, d, J=8.8
Hz), 7.97 (1H, d, J=9.4 Hz).

IR (Nujol) 3460, 3304, 3181, 1645, 1619, 1589 cm™"

APCI-MS m/z 282[M+H]*

Synthesis of THK-5147 NO;
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Synthesis of 315
A mixture of 313 (18.76 g, 0.1 mol), 314 (27.93 g, 0.11
N OH mol), potassium acetate (14.72 g, 0.15 mol), Pd,(dba), (2.75
60 g, 3 mmol), tricyclohexylphosphine (2.02 g, 7.2 mmol) and
1,4-dioxane (200 ml) was stirred under an argon atmosphere
AN at 90° C. for 16 hours. The reaction solution was allowed to
115 return to room temperature and poured into ethyl acetate-
water, and then the solution was extracted with ethyl acetate.
65 The extraction liquid was washed with saturated saline and
317 dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel flash column

\

316
AcNH

|

N OTf



US 9,249,101 B2

189

chromatography (eluting solvent: n-hexane—n-hexane/ethyl
acetate=19/1, 9/1, 6/1, 4/1) to obtain 315 (26.74 g, 96%) as a
pale yellow solid.

APCI-MS m/z 280[M+H]*
Synthesis of 317

To a pyridine (1 L) suspension 0f 316 (29.51 g, 146 mmol),
trifluoromethanesulfonic anhydride (48 ml, 292 mmol) was
added dropwise at —30 to —20° C., and the mixture was stirred
at 10° C. for 1 hour. To the reaction solution, ice water was
added after distilling off a volatile substance at 40° C. or
lower, the solution was extracted with ethyl acetate. The
extraction liquid was washed with saturated saline and dried,
and then the solvent was distilled off under reduced pressure.
The residue was purified by silica gel flash column chroma-
tography (eluting solvent: n-hexane—n-hexane/ethyl
acetate=2/1, 1/1, 1/2, 1/5) and then recrystallized from ethyl
acetate-diisopropy! ether to obtain 317 (30.86 g, 63%) as pale
pink crystals.

APCI-MS m/z 335[M+H]*
Synthesis 0f 318

A mixture of 317 (29.11 g, 87 mmol), 315 (26.74 g, 96
mmol), an aqueous 2M sodium carbonate solution (100 ml),
tetrakistriphenylphosphine palladium (5 g, 4.3 mmol) and
1,2-dimethoxyethane (300 ml) was stirred under an argon
atmosphere at 90° C. for 16 hours. The reaction solution was
allowed to return to room temperature and 1,2-dimethoxy-
ethane was distilled off under reduced pressure, and chloro-
form/methanol (=1/1) was added and then insolubles were
removed by filtration. The filtrate was washed with saturated
saline and dried the solvent was distilled off under reduced
pressure. The residue was purified by silica gel flash column
chromatography (eluting solvent: chloroform/tetrahydrofu-
ran=4/1) and then washed with chloroform-diisopropyl ether
to obtain 318 (20.5 g, 76%) as a yellow solid.

APCI-MS m/z 338[M+H]*
Synthesis 0319

A mixture 0318 (1.0 g, 29.6 mmol), lithium chloride (1.26
g,29.7 mmol) and hexamethylphosphoric triamide (5 ml) was
stirred at 110° C. T for 2 days. The reaction solution was
allowed to return to room temperature and water was added.
The solution was acidified with 10% hydrochloric acid water
and made basic with an aqueous saturated sodium hydrogen
carbonate solution, and then extracted with ethyl acetate-
tetrahydrofuran. The extraction liquid was washed with satu-
rated saline and dried, and then the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
flash column chromatography (eluting solvent: chloroform/
tetrahydrofuran=4/1, 3/2) and then recrystallized from tet-
rahydrofuran-diisopropyl ether to obtain 319 (745 mg, 78%)
as a yellow solid.

APCI-MS m/z 324[M+H]*
Synthesis of 320

To a mixture 0319 (323 mg, 1.0 mmol), 311 (208 mg, 1.0
mmol), triphenylphosphine (394 mg, 1.5 mmol) and tetrahy-
drofuran (5 ml), a tetrahydrofuran (2 ml) solution of diiso-
propyl azodicarboxylate (300 mg, 1.5 mmol) was added
dropwise under ice cooling and stirring, followed by stirring
at the same temperature for 30 minutes and further stirring at
room temperature for 20 hours. The reaction solution was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/1) to obtain 320 (403 mg,
78%) as a yellow caramel.

APCI-MS m/z S14[M+H]*
Synthesis of 321

To a N,N-dimethylformamide (20 ml) suspension of 60%
sodium hydride (345 mg, 8.6 mmol), an N,N-dimethylforma-
mide (10 ml) solution of 320 (3.70 g, 7.2 mmol) was added
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dropwise under an argon atmosphere, and the mixture was
stirred at 0 to 5° C., followed by stirring at —15° C. for 30
minutes. The reaction solution was allowed to return to 0 to 5°
C. and an N, N-dimethylformamide (2 ml) solution of methyl
iodide (2.2 g, 15 mmol) was added dropwise, and the solution
was stirred at room temperature for 1 hour. The reaction
solution was poured into ice water, and the solution was
extracted with ethyl acetate. The extraction liquid was
washed with saturated saline and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel flash column chromatography (eluting
solvent: ethyl acetate/n-hexane=1/1) to obtain 321 (3.30 g,
89%) as a pale yellow solid.

mp 97-99° C.
APCI-MS m/z 528[ M+H]*
Synthesis of 322

A mixtureof321 (2.18 g, 4.13 mmol) and 48% HBr (25 ml)
was stirred at 90 to 95° C. for 2 hours. The reaction solution
was cooled and was made basic with 28% ammonia water,
and then extracted with ethyl acetate. The extraction liquid
was washed with saturated saline and dried, and then the
solvent was distilled off under reduced pressure. The residue
was washed with diisopropyl ether to obtain 322 (1.45 g,
95%) as an orange solid.

mp 130-132° C.

IR (Nujol) 3379, 1624, 1605 cm™

APCI-MS m/z 372[M+H]*
Synthesis of THK-5147

A mixture of 322 (250 mg, 0.673 mmol), 5nCl,.2H,0 (450
mg, 1.99 mmol) and ethanol (10 ml) was heated at reflux for
1 hour. The reaction solution was allowed to return to room
temperature, diluted with ethyl acetate and then made basic
with 28% ammonia water. Insolubles were removed by filtra-
tion with celite, and the organic layer of the filtrate was
separated and washed with saturated saline. After drying, the
solvent was distilled off under reduced pressure. The residue
was purified by NH silica gel column chromatography (elut-
ing solvent: ethyl acetate/n-hexane=1/4) to obtain THK-5147
(175 mg, 76%) as a yellow solid.

mp 122-124° C.

'HNMR (400 MHz, CDCl;) § 2.95 (3H, s), 3.96 (3H, br),
4.23-437 (3H, m), 4.49-4.61 (1H, m), 4.62-4.73 (1H, m),
6.69 (1H, d, J=2.7 Hz), 6.81 (1H, d, J=8.2 Hz), 7.08 (1H, dd,
J=9.0, 2.7 Hz), 7.53 (1H, dd, J=8.2, 1.8 Hz), 7.68 (1H, d,
J=8.8 Hz), 7.74 (1H, d, J=1.8 Hz), 7.91 (1H, d, J=9.0 Hz),
7.94 (1H, d, J=8.8 Hz)

IR (Nujol) 3429, 3342, 1625, 1595 cm™
APCI-MS m/z 342[M+H]*
Synthesis Method of THK-5148
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Synthesis of 325

Under an argon atmosphere, a tetrahydrofuran (15 ml)
solution of 324 (3.1 g, 36 mmol) was added dropwise to a
tetrahydrofuran (30 ml) suspension of 60% sodium hydride
(1.44 g, 36 mmol) at room temperature, and the mixture was
heated at reflux for 30 minutes. The reaction solution was
cooled to 0 to 5° C. and a tetrahydrofuran (15 ml) solution of
323 (7.2 g, 33 mmol) was added dropwise, and the solution
was stirred at room temperature for 16 hours. The reaction
solution was poured into a cooled aqueous ammonium chlo-
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ride solution, and then the solution was extracted with ethyl
acetate. The extraction liquid was dried and the solvent was
distilled off under reduced pressure, and then the residue was
purified by silica gel flash column chromatography (eluting
solvent:n-hexane—ethyl acetate/n-hexane=1/50, 1/20) to
obtain 325 (8.46 g, 90%) as a yellow oily substance.

APCI-MS m/z 303/305[M+NE,]*
Synthesis of 326

A mixture of 325 (7.0 g, 24.5 mmol), 75% methachlo-
robenozic acid (20.26 g, 88.1 mmol) and chloroform (70 ml)
was stirred at room temperature for 2 days. The reaction
solution was ice-cooled and an aqueous saturated sodium
hydrogen carbonate solution was added, and the solution was
extracted with chloroform. The extraction liquid was dried
and the solvent was distilled off under reduced pressure, and
then the residue was purified by silica gel flash column chro-
matography (eluting solvent: n-hexane—ethyl acetate/n-hex-
ane=1/20, 1/10) to obtain 326 (4.197 g, 57%) as a yellow oily
substance.

APCI-MS m/z 319/321[M+NH,]*
Synthesis of 327

A mixture 0326 (4.119 g, 13.6 mmol), n-Bu,NH,F; (410
mg, 1.36 mmol) and KHF, (2.13 g, 27.27 mmol) was stirred
at 120° C. for 6 hours. The reaction solution was allowed to
return to room temperature and chloroform was added, and
then insolubles were removed by filtration. The filtrate was
dried and the solvent was distilled oft under reduced pressure,
and then the residue was purified by silica gel flash column
chromatography (eluting solvent: n-hexane—ethyl acetate/n-
hexane=1/20, 1/10, 1/6, 1/4) to obtain 327 (1.3 g, 30%) as a
yellow solid.

APCI-MS m/z 339/341[M+NH,]*
Synthesis of 328

A mixture of 327 (1.29 g, 4.0 mmol), 314 (1.06 g, 4.16
mmol), potassium acetate (1.18 g, 12 mmol), Pd(dppf)Cl,
CH,CI, (229 mg, 0.28 mmol) and 1,4-dioxane (20 ml) was
heated at reflux for 16 hours under an argon atmosphere. The
reaction solution was allowed to return to room temperature
and the solvent was distilled off under reduced pressure. To
the residue, ethyl acetate and an aqueous saturated sodium
hydrogen carbonate solution were added, and then the solu-
tion was extracted with ethyl acetate. The extraction liquid
was dried and the solvent was distilled off under reduced
pressure, and then the residue was purified by silica gel flash
column chromatography (eluting solvent: n-hexane—ethyl
acetate/n-hexane=1/10, 1/4, 1/2) to obtain 328 (1.438 g, 97%)
as a brown oily substance.

APCI-MS m/z 387[M+NH,]*
Synthesis of 330

A mixture of 328 (1.4 g, 3.8 mmol), 329 (729 mg, 3.5
mmol), an aqueous 2M sodium carbonate solution (3.5 ml),
tetrakistriphenylphosphine palladium (202 mg, 0.175 mmol)
and 1,2-dimethoxyethane (20 ml) was stirred at 90° C. for 5
hours under an argon atmosphere. The reaction solution was
allowed to return to room temperature and 1,2-dimethoxy-
ethane was distilled oft under reduced pressure. Chloroform
was added and insolubles were removed by filtration, fol-
lowed by washing with chloroform/methanol (=9/1). The
filtrate and the wash were combined, and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel flash column chromatography (eluting solvent:
n-hexane—ethyl acetate/n-hexane=1/10, 1/4, 1/2) and then
washed with n-hexane to obtain 330 (1.448 g, 99%) as a
yellow solid.

APCI-MS m/z 416[M+H]*
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Synthesis of THK-5148

330 (1.44 g, 3.47 mmol), 10% Pd—C (300 mg) and etha-
nol-methanol (60 ml-20 ml) were stirred under hydrogen
pressure (40 psi) at room temperature for 16 hours. The cata-
lyst was removed by filtration and Pd—C (150 mg) was added
to the filtrate, followed by further stirring under hydrogen
pressure (40 psi) at room temperature for 1.5 hours. The
catalyst was removed by filtration and the solvent of the
filtrate was distilled off under reduced pressure. To the resi-
due, methanol (50 ml)-acetic acid (5 ml), an aqueous 36%
formaldehyde solution (3.1 g, 37.2 mmol) and a picoline
borane complex (1.5 g, 14 mmol) were added, followed by
stirring at room temperature for 16 hours. The solvent of the
reaction solution was distilled off under reduced pressure and
anaqueous saturated sodium hydrogen carbonate solution the
residue, and the solution was extracted with chloroform. The
extraction liquid was dried and the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
flash  column  chromatography  (eluting  solvent:
chloroform—chloroform/methanol=50/1) and then recrys-
tallized from chloroform-n-hexane to obtain THK-5148 (832
mg, 58%) as a yellowish orange solid.

mp 182-184° C.

'"HNMR (400 MHz, DMSO-d,) 8 1.25, 1.23 (6H, each s),
2.05 (6H, s), 2.82 (6H, s), 4.45-4.51 (1H, m), 4.81 (1H, ddd,
J=48, 10, 6.5 Hz), 4.90 (1H, ddd, J=46, 10, 2.4 Hz), 5.09 (1H,
brs), 6.94 (1H, d, J=2.7Hz), 7.02 (1H, d, J=8.4 Hz), 7.44 (1H,
dd, J=9.4,2.7 Hz), 7.73 (1H, dd, J=8.5, 1.8 Hz), 7.85 (1H, d,
J=9.4 Hz), 7.89 (1H, d, J=8.7 Hz), 7.91 (1H, d, J=2.1 Hz),
8.13 (1H, d, J=8.8 Hz)

IR (Nujol) 1819, 1375 cm™!

APCI-MS m/z 412[M+H]*

Synthesis Method of THK-5155

NHAc
iilln D
N// 0 F
OTBS
NO,
320
NHAc
lllln >
N// © !
OTBS
NH,

337
N
A
=
) O

THK-5155

NH,

Synthesis of 337

320 (1.18 g, 2.3 mmol), 10% Pd—C (moisture 50%; 250
mg) and ethanol (30 ml) were stirred under hydrogen pressure
(40 psi) at room temperature for 16 hours. The catalyst was
removed by filtration and the solvent of the filtrate was dis-
tilled off under reduced pressure, and then the residue was
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purified by NH silica gel flash column chromatography (elut-
ing solvent: chloroform) to obtain 337 (1.03 g, 93%) as a
yellow foam-like substance.

Synthesis of THK-5155

A mixture of 337 (1.025 g, 2.12 mmol) and 48% HBr (10
ml) was stirred at 110° C. for 5 hours. The reaction solution
was allowed to return to room temperature and the solvent
was distilled off under reduced pressure. To the residue, an
aqueous saturated sodium hydrogen carbonate solution was
added, and the solution was extracted with ethyl acetate-
tetrahydrofuran. The extraction liquid was dried and the sol-
vent was distilled off under reduced pressure, and then the
residue was purified by NH silica gel flash column chroma-
tography (eluting solvent: chloroform/methanol=50/1) to
obtain a pale yellow amorphous (684 mg). The present prod-
uct was converted into a hydrochloride by a conventional
method using 4M hydrochloric acid/ethyl acetate to obtain
THK-5155 (670 mg, 79%) as an orange solid.

mp 232-235° C.

'H NMR (400 MHz, DMSO-d,) & 4.05-4.25 (3H, m),
4.50-4.70 (2H, m), 6.94 (1H, d, J=8.2 Hz), 7.18 (1H, brs),
7.49 (1H, dd, J=9.0, 2.4 Hz), 7.72 (1H, dd, J=8.4, 1.8 Hz),
7.81 (1H, d, J=1.8 Hz), 8.19 (1H, d, ]=9.0 Hz), 8.39 (1H, d,
J=9.0 Hz), 8.62 (1H, d, J=9.0 Hz)

IR (Nujol) 1624, 1460 cm™*

APCI-MS m/z 328[ M+H]*

Synthesis Method of THK-5156

HN
O >
AT
OH
NH,
THK-5155 (free form)

/N AN
- Y
N
e

T
THK-5156

Synthesis of THK-5156

To a mixture of THK-5155 (free form) (450 mg, 1.4 mmol),
an aqueous 36% formaldehyde solution (0.97 g, 11.6 mmol)
and methanol (10 ml)-acetic acid (1 ml), a picoline borane
complex (441 mg, 4.1 mmol) was added little by little, and the
mixture was stirred at room temperature for 16 hours. The
solvent of the reaction solution was distilled off under
reduced pressure and 10% hydrochloric acid water was added
to the residue, and the solution was stirred at room tempera-
ture for 10 minutes. The reaction solution was extracted with
chloroform after being made basic with an aqueous potas-
sium carbonate solution. The extraction liquid was dried and
the solvent was distilled off under reduced pressure, and then
the residue was purified by silica gel flash column chroma-
tography (eluting solvent: chloroform chloroform/tetrahy-
drofuran=9/1, 6/1, 4/1) to obtain THK-5156 (328 mg, 62%)
as an orange solid.

mp 187-188.5° C.
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'"H NMR (400 MHz, DMSO-d) 8 2.82 (6H, s), 3.05 (6H,
s), 4.10-4.20 (3H, m), 4.40-4.70 (2H, m), 5.50 (1H, brs), 6.95
(1H,d,J=2.4Hz),6.98 (1H, d, ]I=8.5Hz), 7.45 (1H, dd, J=9.0,
2.4Hz),7.72 (1H, dd, J=8.4, 1.8 Hz), 7.78 (1H, d, I=1.8 Hz),
7.87 (1H, d, J=9.4 Hz), 7.95 (1H, d, J=8.8 Hz), 8.14 (1H, d,
J=8.8 Hz)

IR (Nujol) 1620, 1463, 1375 cm™"

APCI-MS m/z 384[M+H]*
Synthesis Method of THK-5158

NHCHO
m
P

NT

341

NHCHO
O D
0

N ™~

NO,
342
NHCHO
AN
P OH
NO,
343
NHCHO
x
AN
N
OTBS
NO,

HO F

OTBS
311

344
NHCHO.
=
P O/\/\ F
N —_—
OTBS
NHCHO

345
N
pd AN
/ 0 F
N
OH
I|\IH

THK-5158

Synthesis of 342

To a 1,2-dimethoxyethane (364 ml) solution 0f341 (9.14 g,
44.23 mmol) and 315 (14.57 g, 52.20 mmol), potassium
carbonate (18.34 g, 133 mmol), water (7.7 ml) and tetraki-
striphenylphosphine palladium (5.11 g, 4.42 mmol) were
added under an argon atmosphere, and the mixture was stirred
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at 80° C. for 16 hours. The reaction solution was allowed to
return to room temperature and ethyl acetate was added, and
then insolubles were removed by filtration with celite and the
solution was washed with chloroform/methanol (=1/1). The
filtrate and the wash were combined, and the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: ethyl
acetate/n-hexane=1/1, 3/1) and then washed with ethyl
acetate to obtain 342 (9.55 g, 67%) as orange crystals.

mp 216-217° C.

APCI-MS m/z 324[M+H]*
Synthesis of 343

A mixture 0342 (6.5 g, 20.1 mmol), lithium chloride (8.48
g, 0.2 mol) and hexamethylphosphoric triamide (65 ml) was
stirred at 110° C. for 41 hour. The reaction solution was
allowed to return to room temperature and poured into an
aqueous citric acid solution, and the solution was stirred. The
precipitate was collected by filtration, washed with water and
then dissolved in tetrahydrofuran. The tetrahydrofuran solu-
tion was dried and the solvent was distilled off under reduced
pressure, and then the residue was washed with ethyl acetate
to obtain 343 (5.74 g, 92%) as a brown solid.

mp 222-223° C.
Synthesis of 344

To a tetrahydrofuran (110 ml) solution of 343 (5.73 g, 18.5
mmol), 311 (5.65 g, 27.1 mmol) and triphenylphosphine
(8.26 g, 31.5 mmol), a tetrahydrofuran (20 ml) solution of
diisopropyl azodicarboxylate (6.37 g, 31.5 mmol) was added
dropwise at -5 to 0° C. over 20 minutes, and the mixture was
stirred at the same temperature for 30 minutes, followed by
stirring at room temperature for 66 hours. To the reaction
solution, 311 (565 mg, 2.7 mmol), triphenylphosphine (826
mg, 3.15 mmol) and diisopropyl azodicarboxylate (638 mg,
3.15 mmol) were added, and the solution was further stirred at
room temperature for 6 hours. The solvent of the reaction
solution was distilled oft under reduced pressure and the
residue was purified by silica gel column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/2, 1/1) to obtain
344 (7.67 g, 83%) as a solid.

mp 150-152° C.

APCI-MS m/z 500[M+H]*
Synthesis of 345

344 (1.0 g, 2 mmol), 10% Pd—C (150 mg) and ethanol (20
ml) were stirred under hydrogen pressure (40 psi) at room
temperature for 16 hours. The catalyst was removed by filtra-
tion and the solvent was distilled off under reduced pressure.
The pale yellow amorphous as the residue was dissolved by
adding ethyl formate (20 ml) and the solution was heated at
reflux for 16 hours. The reaction solution was allowed to
return to room temperature and the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
flash column chromatography (eluting solvent: tetrahydrofu-
ran/chloroform=1/19, 1/9, 1/4, 1/3, 1/1, methanol/chloro-
form=1/9, 1/1) and then washed with ethyl acetate/n-hexane
to obtain 345 (860 mg, 86%) as an orange solid.

APCI-MS m/z 498[M+H]*
Synthesis of THK-5158

To a tetrahydrofuran (10 ml) suspension of NaBH,, (392
mg, 10.4 mmol), a tetrahydrofuran (10 ml) solution of BF;
Et,0 (1.96 g, 13.8 mmol) was added dropwise at 0° C., and
the mixture was stirred at room temperature for 1 hour. To the
present reaction solution, a tetrahydrofuran (10 ml) solution
of'345 (855 mg, 1.7 mmol) was added dropwise at 0 to 5° C.,
and the solution was stirred at room temperature for 2 hours,
followed by stirring under heating at reflux for 3 hours. The
reaction solution was allowed to return to room temperature
and the solvent was distilled off under reduced pressure. To
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the residue, 10% hydrochloric acid water was added, fol-
lowed by stirring at room temperature for 1 hour. The reaction
solution was made basic by adding potassium carbonate and
then extracted with chloroform. The extraction liquid was
dried and the solvent was distilled oft under reduced pressure.
The residue was purified by silica gel flash column chroma-
tography (eluting solvent: chloroform—tetrahydrofuran/
chloroform=1/19, 1/9, 1/4), purified again by silica gel flash
column chromatography (eluting solvent: n-hexane—ethyl
acetate/n-hexane=1/1, 6/4) and then washed with diisopropyl
ether and then n-hexane to obtain THK-5158 (331 mg, 54%)
as an orange solid.

mp 150-152° C.

'H NMR (400 MHz, DMSO-dy) 8 2.79 (3H, d, J=5.8 Hz),
2.80(3H, d,J=5.1Hz), 3.95-4.20 (3H, m), 4.50-4.70 (2H, m),
5.47 (1H, d, I=5.8 Hz), 5.53 (1H, d, ]I=5.1 Hz), 6.12 (1H, d,
J=5.1 Hz), 6.56 (1H, d, J=8.8 Hz), 6.62 (1H, d, J=2.7 Hz),
7.13 (1H, dd, J=9.1, 2.4 Hz), 7.64-7.68 (2H, m), 7.70 (1H, d,
J=9.1 Hz), 7.84 (1H, d, J=8.8 Hz), 7.99 (1H, d, J=8.7 Hz)

IR (Nujol) 1621 cm™*

APCI-MS m/z 356[M+H]*

Synthesis Method of THK-5159

OTBS

AcHN N H\/ F
=z O RN
) O
NO,

320

oH
H,N N H\/ F
Z O
) O
NO,

353

| oH
N F
- AN H\/
= O R
) O
NO,
354

OH

N F
~ X
— 0
) O
NH,

THK-5159

Synthesis 0f 353
A mixture of 320 (100 mg, 0.195 mmol) and 48% HBr (1
ml) was stirred at 90to 95° C. for 1 hour. The reaction solution
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was allowed to return to room temperature and made basic
concentrated ammonia water, followed by extraction with
ethyl acetate. The extraction liquid was washed with saturated
saline and dried, and then the solvent was distilled off under
reduced pressure. The residue was washed with ethyl acetate-
diisopropyl ether to obtain 353 (45 mg, 65%) as an orange
solid.

mp 153-154° C.

APCI-MS m/z 358[M+H]*
Synthesis of 354

To a mixture of 353 (167 mg, 0.467 mmol), an aqueous
36% formaldehyde solution (1 ml) and ethanol (5 ml)-acetic
acid (0.5 ml), a picoline borane complex (150 mg, 1.4 mmol)
was added little by little, followed by stirring at room tem-
perature for 3 hours. The reaction solution was diluted with
ethyl acetate, washed in turn with an aqueous saturated
sodium hydrogen carbonate solution and saturated saline and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluting solvent: ethyl acetate/n-hexane=1/2)
and then washed with ethyl acetate/n-hexane (=1/3) to obtain
354 (161 mg, 89%) as a brown solid.

mp 169-171° C.
Synthesis of THK-5159

A mixture of 354 (270 mg, 0.7 mmol), 10% Pd—C (mois-
ture of about 50%; 100 mg), ammonium formate (440 mg, 7
mmol) and methanol (10 ml)-tetrahydrofuran (5 ml) was
stirred under an argon atmosphere at room temperature for 3
hours. The reaction solution was diluted with ethyl acetate
and insolubles were removed by filtration. The filtrate was
washed in turn with water and saturated saline and dried, and
then the solvent was distilled off under reduced pressure. The
residue was purified by NH silica gel flash column chroma-
tography (eluting solvent: n-hexane/ethyl acetate=1/1, 1/2,
1/3, 1/4, 1/5) and then washed with n-hexane/diisopropyl
ether to obtain THK-5159 (216 mg, 87%) as a pale brown
solid.

mp 169-170° C.

'H1 NMR (400 MHz, CDCl,) 2.94 (1H, br), 3.08 (6IL, s).
3.96 (2H, br), 4.24-4.36 (3H, m), 4.52-4.61 (1H, m), 4.64-
4.73 (1H, m), 6.81 (11, d, J=3.0 Hz), 6.81 (1H, d, J=8.0 Hz),
7.36 (1H, dd, J=9.4, 3.0 Hz), 7.53 (1H, dd, J=8.0, 1.2 Hz),
7.68 (1H, d, J=8.8 Hz), 7.76 (1H, br), 7.96 (1H, d, J=8.8 Hz),
7.99 (1H, d, J=9.4 Hz)

IR (Nujol) 3345, 1621, 1590 cm™*
APCI-MS m/z 356[M+H]*
Synthesis Method of THK-5160

CHO

|
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C >
=
N
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O O
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2
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CHO OTBS
HN F
AN H\/
= O —_—
N
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HN F
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N
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356
OH
HN N F
= (0]
N
N/
THK-5160
Synthesis of 355

344 (2.65 g, 5.3 mmol), 10% Pd—C (moisture of about
50%; 350 mg) and ethyl acetate (40 ml)-tetrahydrofuran (20
ml) were stirred under a hydrogen atmosphere at room tem-
perature for 21 hour. The catalyst was removed by filtration
and the solvent of the filtrate was distilled off under reduced
pressure. The residue was dissolved in ethyl acetate (50 ml)
and 10% Pd—C (moisture of about 50%; 300 mg) was added,
and the solution was stirred under a hydrogen atmosphere at
room temperature for 2 days. The catalyst was removed by
filtration and the solvent of the filtrate was distilled off under
reduced pressure, and the residue was purified by silica gel
column chromatography (eluting solvent: n-hexane/ethyl
acetate=1/1, 2/3, ethyl acetate) to obtain 355 (2.27 g, 91%)).

APCI-MS m/z 470[M+H]*
Synthesis 0f 356

To a mixture of 355 (1.20 g, 2.55 mmol), an aqueous 35%
formaldehyde solution (2.2 g, 26 mmol) and ethanol (20
ml)-acetic acid (2 ml), a picoline borane complex (545 mg,
5.1 mmol) was added little by little, followed by stirring at
room temperature for 6 hours. To the reaction solution, an
aqueous 35% formaldehyde solution (2.2 g, 26 mmol) and a
picoline borane complex (545 mg, 5.1 mmol) were added,
followed by further stirring at room temperature for 2 hours.
The reaction solution was diluted with ethyl acetate, washed
in turn with water, dilute ammonia water and saturated saline
and dried, and then the solvent was distilled off under reduced
pressure. The residue was washed with diisopropyl ether to
obtain 356 (922 mg, 73%) as a pale brown solid.

mp 164-166° C.
APCI-MS m/z 498 [M+H]*
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Synthesis of THK-5160

A mixture 0f 356 (350 mg, 0.7 mmol) and 48% HBr (3 ml)
was stirred at 90 to 95° C. for 1 hour. The reaction solution
was allowed to return to room temperature and diluted with
ethyl acetate and ice water was added. Then, the solution was
made basic with concentrated ammonia water and extracted
with ethyl acetate. The extraction liquid was washed in turn
with water and saturated saline and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel flash column chromatography (eluting
solvent: n-hexane/ethyl acetate=1/2, 1/4, ethyl acetate) to
obtain THK-5160 (179 mg, 72%) as a beige solid.

mp 158-160° C.

'HNMR (400 MHz, CDCl,) § 2.85 (6H, s), 3.95 (2H, brs),
4.04-4.15 (1H, m), 4.24-4.35 (2H, m), 4.43-4.52 (1H, m),
4.55-4.63 (1H, m), 5.20 (1H, br), 6.92 (1H, d, ]I=2.4 Hz), 7.11
(1H, d, I=8.5Hz), 7.17 (1H, dd, J=8.5, 2.7 Hz), 7.71 (1H, d,
J=8.8 Hz), 7.72 (1H, dd, J=8.5, 2.1 Hz), 7.86 (1H, d, J=2.1
Hz), 7.94 (1H, d, J=8.5 Hz), 7.95 (1H, d, J=8.8 Hz)

IR (Nujol) 3462, 3345, 1633 cm™*

APCI-MS m/z 356[M+H]*

Synthesis Method of THK-5161

THO OTBS
HN F
X
= O _—
) O
N/
356
OTBS
N F
-~ AN
= O — -
N
T/
357
OH
N F
-~ AN
= O
N
N/
THK-5161
Synthesis of 357

Under an argon atmosphere, a tetrahydrofuran (5 ml) solu-
tion of BF;.Et,0 (1.23 g, 8.7 mmol) was added dropwise to a
tetrahydrofuran (10 ml) suspension of NaBH, (252 mg, 6.6
mmol) at 0° C., and the mixture was stirred at the same
temperature for 20 minutes. To the present reaction solution,
atetrahydrofuran (3 ml) solution of 356 (630 mg, 1.27 mmol)
was added dropwise at 0to 5° C., followed by stirring at 5° C.
for 1 hour. To the reaction solution, ice water and ethyl acetate
were added, and the solution was made basic with concen-
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trated ammonia water and then extracted with ethyl acetate.
The extraction liquid was washed in turn with water and then
saturated saline, and dried and then the solvent was distilled
off under reduced pressure. The residue was purified by NH

silica gel column chromatography (eluting solvent: ethyl 5

acetate/n-hexane=1/8, 1/6) to obtain 357 (440 mg, 72%) as a
pale yellow solid.

APCI-MS m/z 484[M+H]*
Synthesis of THK-5161

Amixture of357 (440mg, 0.91 mmol) and 48% HBr 3ml) |,

was stirred at 50° C. for 10 minutes. The reaction solution was
made basic with concentrated ammonia water under ice cool-
ing, and then extracted with ethyl acetate. The extraction
liquid was washed in turn with water and then saturated
saline, and dried the solvent was distilled off under reduced

|
CC
=
N

361

202

pressure. The residue was purified by NH silica gel column
chromatography (eluting solvent: ethyl acetate/n-hexane=2/
1, 3/1) to obtain THK-5161 (280 mg, 83%) as a pale yellow
solid.

mp 140-141° C.

'"HNMR (400 MHz, CDCl,) 8 2.84 (6H, s), 2.96 (3H, brs),
4.00-4.15 (2H, m), 4.24-4.35 (2H, m), 4.43-4.51 (1H, m),
4.55-4.63 (1H, m), 5.26 (1H, br), 6.71 (1H, d, J=2.7 Hz), 7.10
(1H, d, I=9.0 Hz), 7.10 (1H, dd, J=9.0, 2.7 Hz), 7.71 (1H, d,
J=8.5 Hz), 7.72 (1H, dd, J=8.5, 2.0 Hz), 7.86 (1H, d, ]=2.0
Hz), 7.92 (1H, d, J=9.0 Hz), 7.98 (1H, d, J=8.8 Hz)

IR (Nujol) 3462, 1627 cm™"

APCI-MS m/z 370[M+H]*

Synthesis Method of THK-5162
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T
7 NG N Ve N
NH
| «2HCI
THK-5162

Synthesis of 381

To an N,N-dimethylformamide (30 ml) suspension of 361
(900 mg, 2.91 mmol) and 380 (4.00 g, 8.7 mmol), potassium
carbonate (1.21 g, 8.7 mmol) was added at room temperature
under stirring, and the mixture was stirred at room tempera-
ture for 4 days. The reaction solution was extracted with ethyl
acetate after adding water and ethyl acetate. The extraction
liquid was washed with water and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/2, 1/1) to obtain 381 (1.73 g,
100%) as a red oily substance.

APCI-MS m/z 596 [M+H]+
Synthesis of 382

A mixture of 381 (1.73 g, 2.9 mmol) and 1M tetra-n-
butylammonium fluoride/tetrahydrofuran (14.6 ml, 14.6
mmol) was stirred at room temperature for 16 hours. The
reaction solution was diluted with ethyl acetate, washed with
water and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=1/2, 2/3) to obtain 382 (960 mg, 74%) as a red resinous
substance.

APCI-MS m/z 444[M+H]*
Synthesis of 383

A mixture 0382 (950 mg, 2.14 mmol), 10% Pd—C (mois-
ture of about 50%; 190 mg), ammonium formate (1.35 g, 21.4
mmol) and methanol (20 ml)-tetrahydrofuran (10 ml) was
stirred under an argon atmosphere at room temperature for 1
hour. The reaction solution was diluted with ethyl acetate and
insolubles were removed by filtration, and then the solvent of
the filtrate was distilled off under reduced pressure. The resi-
due was purified by silica gel column chromatography (elut-
ing solvent: ethyl acetate/n-hexane=1/2, 2/1) to obtain 383
(850 mg, 96%) as a yellow resinous substance.

APCI-MS m/z 414[M+H]*
Synthesis of THK-5162

A mixture of 383 (600 mg, 1.45 mmol), an aqueous 35%
formaldehyde solution (373 mg, 4.35 mmol), magnesium
sulfate (7 g), tetrahydrofuran (40 ml) and isopropanol (20 ml)
was stirred at room temperature for 3 hours. To the reaction
solution, NaBH, (274 mg, 7.2 mmol) was added, and the
solution was stirred at room temperature for 3 days.
Insolubles were removed by filtration from the reaction solu-
tion, and the solvent of the filtrate was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=2/1) and the obtained orange resinous substance (580
mg; free form) was converted into a hydrochloride by treating
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with 4M hydrochloric acid/ethyl acetate, and then recrystal-
lized from ethanol to obtain THK-5162 (516 mg, 71%) as
orange crystals.

mp 197-198° C.

'"H NMR (400 MHz, DMSO-d,) 8 2.87 (3H, s), 3.10 (6H,
s), 3.56-3.64 (3H, m), 3.64-3.68 (2H, m), 3.69-3.72 (1H, m),
3.84-3.88 (2H, m), 4.38 (2H, dd, J=5.4,3.9 Hz), 4.53 (2H, dt,
J=48,4.3Hz), 6.72 (1H, d, J=8.8 Hz), 7.18 (1H, d, J=2.7 Hz),
7.68 (1H, dd, J=9.5, 2.9 Hz), 7.84 (1H, dd, J=8.5, 2.1 Hz),
7.90 (1H, d, J=2.1 Hz), 8.24 (1H, d, ]=9.1 Hz), 8.58 (1H, d,
J=9.4 Hz), 8.63 (1H, d, J=9.1 Hz)

IR (Nujol) 3376, 2582, 1643, 1603 cm™

APCI-MS m/z 428[ M+H]*

Synthesis Method of THK-5163
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Synthesis 0f 359

To a mixture of 358 (2.20 g, 12.3 mmol), an aqueous 36%
formaldehyde solution (20.5 g, 246 mmol) and methanol (250
ml)-acetic acid (20 ml), a picoline borane complex (7.91 g,
73.95 mmol) was added little by little, followed by stirring at
room temperature for 16 hours. To the reaction solution, ethyl
acetate-water was added and the solution was extracted with
ethyl acetate after adjusting the pH to 8 using an aqueous
potassium carbonate solution. The extraction liquid was
washed with water and dried the solvent was distilled off
under reduced pressure and the residue was purified by silica
gel column chromatography (eluting solvent: ethyl acetate/
n-hexane=1/4) to obtain 359 (2.54 g, 99%) as a pale yellow
solid.

mp 74-75° C.
APCI-MS m/z 207[M+H]*

10

15

20

25

30

40

50

60

65

206

Synthesis of 360

A mixture of 359 (2.54 g, 12.29 mmol), 315 (4.36 g, 15.6
mmol), potassium carbonate (5.10 g, 36.9 mmol), tetraki-
striphenylphosphine palladium (1.42 g, 1.23 mmol) and
water (2.2 ml)-1,2-dimethoxyethane (100 ml) was stirred
under an argon atmosphere at 80° C. for 16 hours. The reac-
tion solution was allowed to return to room temperature,
diluted with ethyl acetate, dried over sodium sulfate and then
filtered with celite. The filtrate was concentrated to about 100
ml under reduced pressure, purified by silica gel column
chromatography (eluting solvent: ethyl acetate/n-hexane=1/
2) and then washed with ethyl acetate/n-hexane (=1/2) to
obtain 360 (3.66 g, 92%) as an orange solid.

mp 175-175.5° C.

APCI-MS m/z 324[M+H]*
Synthesis of 361

A mixture of 360 (3.11 g, 9.62 mmol), lithium chloride
(4.08 g, 96.2 mmol) and hexamethylphosphoric tridamide (31
ml) was stirred under an argon atmosphere at 110° C. for 16
hours. The reaction solution was allowed to return to room
temperature, and ethyl acetate and water were added, and the
solution was extracted with ethyl acetate. The extraction liq-
uid was washed with water and dried, and then the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/2) and then recrystallized
from ethyl acetate/n-hexane to obtain 361 (2.97 g, 100%) as
brown crystals.

mp 224-225° C.

APCI-MS m/z 310[M+H]*
Synthesis of 363

To a mixture o361 (1.00 g, 3.23 mmol), 362 (1.40 g, 3.88
mmol), triphenylphosphine (1.02 g, 3.88 mmol) and tetrahy-
drofuran (40 ml), a tetrahydrofuran (10 ml) solution of diiso-
propyl azodicarboxylate (0.77 ml, 3.88 mmol) was added
dropwise over 20 minutes under ice cooling, followed by
stirring at the same temperature for 1 hour and further stirring
at room temperature for 16 hours. To the reaction solution,
362 (700 mg, 1.94 mmol), triphenylphosphine (510 mg, 1.94
mmol), diisopropyl azodicarboxylate (0.38 ml, 1.92 mmol)
and tetrahydrofuran (10 ml) were added, and the solution was
further stirred at room temperature for 3 hours. The solvent of
the reaction solution was distilled off under reduced pressure,
and the residue was purified by silica gel column chromatog-
raphy (eluting solvent: ethyl acetate/n-hexane=1/9, 1/4) and
then recrystallized from ethyl acetate/n-hexane=1/4 to obtain
363 (1.94 g, 92%) as orange crystals.

mp 144-145° C.

APCI-MS m/z 652 [M+H]+
Synthesis of 364

A mixture 0363 (1.00 g, 1.53 mmol), 10% Pd—C (mois-
ture of about 50%; 130 mg), ammonium formate (965 mg,
15.3 mmol) and methanol (20 ml)-tetrahydrofuran (10 ml)
was stirred under an argon atmosphere, followed by stirring at
room temperature for 27 hours. The catalyst was removed by
filtration and the solvent of the filtrate was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: n-hexane/ethyl
acetate=4/1, 2/1) to obtain 364 (900 mg, 94%) as an orange
amorphous.

APCI-MS m/z 622[M+H]*
Synthesis of 365

364 (890 mg, 1.43 mmol) and an aqueous 35% formalde-
hyde solution (0.61 ml, 7.16 mmol) were nearly dissolved in
methanol (50 ml)-tetrahydrofuran (10 ml) and magnesium
sulfate (10 g) was added, and the mixture was stirred at room
temperature for 1 hour. The reaction solution was ice-cooled
and NaBH, (271 mg, 7.16 mmol) was added at the same
temperature for 10 minutes, followed by stirring at room
temperature for 16 hours. Insolubles were removed from the
reaction solution by filtration, and the solvent of the filtrate
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was distilled off under reduced pressure. The residue was
nearly dissolved in isopropyl alcohol (50 ml), and an aqueous
35% formaldehyde solution (0.61 ml, 7.16 mmol) and mag-
nesium sulfate (10 g) were added, followed by stirring at
room temperature for 30 minutes. The reaction solution was
ice-cooled and NaBH,, (271 mg, 7.16 mmol) was added. After
stirring at room temperature for 2 days, NaBH, (271 mg, 7.16
mmol) was added, followed by further stirring at room tem-
perature for 6 days. Insolubles were removed from the reac-
tion solution by filtration and the solvent of the filtrate was
distilled off under reduced pressure. The residue was dis-
solved in ethyl acetate, and the solution was washed with
water and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluting solvent: ethyl acetate/n-hex-
ane=1/4) to obtain 365 (650 mg, 71%) as a pale yellow
amorphous.

APCI-MS m/z 636[M+H]*

Synthesis 0f 366

To chloroform (12 ml) solution of 365 (640 mg, 1.01
mmol), trifluoroacetic acid (8 ml) was added dropwise under
ice cooling and stirring, and water (2 ml) was added, and then
the mixture was stirred at room temperature for 2 days. To the
reaction solution, ice water and then ethyl acetate were added,
and the solution was extracted with ethyl acetate after adjust-
ing the pH to 9 using an aqueous potassium carbonate solu-
tion. The extraction liquid was dried and the solvent was
distilled oft under reduced pressure and the residue was puri-
fied by silica gel column chromatography (eluting solvent:
ethyl acetate/n-hexane=1/1) to obtain 366 (520 mg, 99%) as
an orange amorphous.

APCI-MS m/z 522[M+H]*

Synthesis of THK-5163

To a methylene chloride (20 ml) solution of 366 (510 mg,
0.98 mmol) and 3,4-dihydro-2H-pyran (1.77 ml, 19.6 mmol),
paratoluenesulfonic acid monohydrate (387 mg, 2.25 mmol)
was added, and the mixture was stirred at room temperature
for 20 minutes. After adjusting the pH of the reaction solution
to 8 by adding triethylamine, the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
column chromatography (eluting solvent: ethyl acetate/n-
hexane=1/2, 2/3, 1/1) to obtain THK-5163 (569 mg, 96%) as
an orange amorphous.

'H NMR (400 MHz, DMSO-d,) & 1.32-1.51 (4H, m),
1.52-1.74 (2H, m), 2.34 (3H, s), 2.78 (3H, d, J=3.6 Hz),
3.34-3.46 (1H, m), 3.64-3.72,3.78-3.86 (1H, m), 4.10 (2H, d,
J=5.4 Hz), 4.14-4.22 (1H, m), 4.29-4.44 (2H, m), 4.65-4.70,
4.85-4.88 (1H,m),5.31 (1H, br), 6.57 (1H, dd, J=8.3, 1.4 Hz),
6.93 (1H, d, J=2.1 Hz), 7.39 (2H, d, J=7.9 Hz), 7.44 (1H, dd,
J=9.1, 2.4 Hz), 7.61-7.64 (1H, m), 7.70 (1H, d, J=8.2 Hz),
7.79 (2H, dd, J=8.3,2.9Hz),7.83 (1H, d,J=9.4 Hz),7.92 (1H,
d, J=8.8 Hz), 8.08 (1H, d, J=8.5 Hz)

IR (Nujol) 3433, 1733, 1619 cm™"

APCI-MS m/z 606 [M+H]+
Synthesis Method of THK-5164
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Synthesis of 367

To a mixture 0of 361 (1.09 g, 3.52 mmol), 311 (1.04 g, 5.0
mmol), triphenylphosphine (1.57 g, 5.98 mmol) and tetrahy-
drofuran (25 ml), a tetrahydrofuran (5 ml) solution of diiso-
propyl azodicarboxylate (1.21 g, 5.98 mmol) was added drop-
wise under ice cooling and stirring, followed by stirring at the
same temperature for 1 hour and further stirring at room
temperature for 16 hours. The reaction solution was purified
by NH silica gel flash column chromatography (eluting sol-
vent: ethyl acetate/n-hexane=1/9) to obtain 367 (1.66 g, 94%)
as an orange solid.

mp 119-120° C.

APCI-MS m/z 500[M+H]*
Synthesis of 368

A mixture of 367 (1.65 g, 3.3 mmol), 10% Pd—C (mois-
ture of about 50%; 350 mg), ammonium formate (2.08 g, 33
mmol) and methanol (40 ml)-tetrahydrofuran (20 ml) was
stirred under an argon atmosphere at room temperature for 2
hours. The catalyst was removed by filtration and the solvent
of the filtrate was distilled off under reduced pressure. The
residue was dissolved in ethyl acetate-tetrahydrofuran, and
the solution was washed in turn with water and saturated
saline and dried, and then the solvent was distilled off under
reduced pressure. The residue was purified by silica gel flash
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column chromatography (eluting solvent: n-hexane/ethyl
acetate=3/1) to obtain 368 (1.40 g, 90%) as a pale yellow
solid.

mp 90-92° C.

APCI-MS m/z 470[M+H]*

Synthesis 0f 369

To a mixture of 368 (800 mg, 1.7 mmol), an aqueous 36%
formaldehyde solution (708 mg, 8.5 mmol) and isopropanol
(20 ml)-tetrahydrofuran (5 ml), magnesium sulfate (5 g) was
added, followed by stirring at room temperature for 1 hour. To
the reaction solution, NaBH,, (323 mg, 8.5 mmol) was added,
and the solution was stirred at room temperature for 24 hours.
Isopropanol (5 ml) and NaBH, (323 mg, 8.5 mmol) were
added, followed by stirring at 80° C. for 1 hour. The reaction
solution was allowed to return to room temperature and
insolubles were removed by filtration, and the filtrate was
purified by silica gel flash column chromatography (eluting
solvent: ethyl acetate/n-hexane=1/5) to obtain 369 (720 mg,
88%) as a pale yellow solid.

mp 134-135° C.

APCI-MS m/z 484[M+H]*

Synthesis of THK-5164

A mixture of 369 (700 mg, 1.45 mmol) and 48% HBr (7 ml)
was stirred at room temperature for 30 minutes. The reaction
solution was poured into ice water, and the solution was made
basic with concentrated ammonia water and then extracted
with ethyl acetate. The extraction liquid was washed with
saturated saline and dried, and then the solvent was distilled
off under reduced pressure. The residue was washed with
ethyl acetate/n-hexane=1/5 and then recrystallized from ethyl
acetate to obtain THK-5164 (490 mg, 91%) as a pale yellow
solid.

mp 193-194° C.

'HNMR (400 MHz, CDCl,) 8 2.75 (1H, br), 2.92 (3H, s),
3.08 (6H,s),4.25-4.38 (3H, m), 4.40 (1H, br), 4.52-4.62 (1H,
m), 4.65-4.74 (1H, m), 6.69 (1H, d, J=8.2 Hz), 6.81 (1H, d,
J=2.7Hz), 7.35 (1H, dd, J=9.4, 2.7 Hz), 7.63 (1H, dd, J=8.5,
1.8 Hz), 7.70 (1H, d, J=8.8 Hz), 7.79 (1H, d, J=1.8 Hz), 7.96
(1H, d, J=8.8 Hz), 8.00 (1H, brd, J=9.4 Hz)

IR (Nujol) 3417, 3250, 1620, 1592 cm™*

APCI-MS m/z 370[M+H]*

Synthesis Method of THK-5165
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Synthesis of 370

To an isopropanol (50 ml) solution of 355 (836 mg, 1.78
mmol), an aqueous 35% formaldehyde solution (760 mg, 8.9
mmol) and magnesium sulfate (10 g) were added, and the
mixture was stirred at room temperature for 2 hours. To the
reaction solution, NaBH,, (340 mg, 9 mmol) was added three
times every 24 hours, and the solution was stirred at room
temperature for 2 days and then heated at reflux for 1 hour.
The reaction solution was allowed to return to room tempera-
ture and insolubles were removed by filtration, and then the
solvent of the filtrate was distilled off under reduced pressure.
The residue was purified by silica gel flash column chroma-
tography (eluting solvent: ethyl acetate/n-hexane=1/2, 2/5) to
obtain 370 (683 mg, 84%) as a pale yellow amorphous.

APCI-MS m/z 456[M+H]*
Synthesis of THK-5165

A mixture of 370 (676 mg, 1.48 mmol) and 1M tetra-n-
butylammonium fluoride/tetrahydrofuran (5.0 ml, 5.0 mmol)
was stirred at room temperature for 1 hour. The solvent of the
reaction solution was distilled off under reduced pressure,
and the residue was purified by silica gel flash column chro-
matography (eluting solvent: chloroform—chloroform/
methanol=50/1, 24/1) and then washed with n-hexane-diiso-
propyl ether to obtain THK-5165 (453 mg, 85%) as an orange
solid.

mp 79-82° C.

LI NMR (400 MHz, DMSO-d,) 8 2.80 (3H, d, 1=4.9 Hz),
2.80 (31, 5), 4.00-4.20 (3H, m), 4.50-4.70 (2H, m), 5.45-5.55
(4H, m), 6.56 (11, d, J=8.2 Hz), 6.77 (11, d, =2.5 Hz), 7.11
(1M, dd, J=8.8, 2.5 Hz), 7.60-7.70 (3H, m), 7.80 (11, d, J=8.8
Hz), 7.90 (1H, d, ]=8.8 Hz)

IR (Nujol) 1503, 1462, 1377 cm™
APCI-MS m/z 342[M+H]*
Synthesis Method of THK-5154
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Synthesis of 347

A mixture of 346 (1.40 g, 6 mol), 314 (1.53 g, 6 mol),
potassium acetate (2.36 g, 24 mol), PACl,(dppf) CH,Cl, (245
mg, 0.3 mmol) and 1,4-dioxane (25 ml) was stirred under an
argon atmosphere at 100° C. for 16 hours. The reaction solu-
tion was allowed to return to room temperature and insolubles
were removed by filtration, and the solvent of the filtrate was
distilled off under reduced pressure. The residue was purified
by silica gel column chromatography (eluting solvent: n-hex-
ane/ethyl acetate=2/1) and then washed with n-hexane to
obtain 347 (1.17 g, 70%) as a colorless solid.

mp 130-131° C.

APCI-MS m/z 281 [M+H]*
Synthesis of 348

A mixture of 347 (1.10 g, 3.39 mmol), 329 (840 mg, 4
mmol), sodium carbonate (850 mg, 8 mmol), tetrakistriph-
enylphosphine palladium (230 mg, 0.2 mmol) water (2 ml)
and 1,2-dimethoxyethane (20 ml) was stirred under an argon
atmosphere at 90° C. for 4 hours. The reaction solution was
allowed to return to room temperature, and insolubles were
collected by filtration and then dried to obtain 348 (836 mg,
66%).

mp 253-255° C.

APCI-MS m/z 327 [M+H]*
Synthesis of 349

A mixture of 348 (326 mg, 1 mmol), lithium chloride (424
mg, 10 mmol) and hexamethylphosphoric triamide (7 ml)
was stirred under an argon atmosphere at 110° C. for 19
hours. The reaction solution was allowed to return to room
temperature and water was added, and the solution was acidi-
fied with an aqueous citric acid solution and then extracted
with ethyl acetate. The extraction liquid was washed in turn
with water and saturated saline, and dried, and then the sol-
vent was distilled off under reduced pressure. The residue was
washed with diisopropy! ether to obtain 349 (312 mg, 100%).

APCI-MS m/z 313[M+H]*
Synthesis of 350

To a mixture of 349 (680 mg, 2.18 mmol), 311 (680 mg,
3.26 mmol), triphenylphosphine (973 mg, 3.71 mmol) and
tetrahydrofuran (20 ml), a tetrahydrofuran (2 ml) solution of
diisopropyl azodicarboxylate (750 mg, 3.71 mmol) was
added dropwise under ice cooling and stirring, followed by
stirring at room temperature for 20 hours. The reaction solu-
tion was purified by silica gel flash column chromatography
(eluting solvent: ethyl acetate/n-hexane=1/9-1/5) and then
washed with diisopropyl ether to obtain 350 (820 mg, 75%) as
a grayish white solid.

mp 167-168° C.

APCI-MS m/z 503[M+H]*
Synthesis of 351

A mixture of 350 (510 mg, 1.01 mmol), Fe (503 mg),
NH,CI (325 mg, 6.09 mmol) and water (3 ml)-ethanol (15 ml)
was stirred at 70 to 75° C. for 1.5 hours. The reaction solution
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was allowed to return to room temperature, and then diluted
with ethyl acetate. Insolubles were removed by filtration with
celite and the filtrate was washed in turn with ammonia water
and saturated saline, and dried, and then the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel flash column chromatography (eluting solvent:
chloroform, chloroform/methanol=40/1) to obtain 351 (385
mg, 86%) as an orange solid.

mp 139-141° C.
APCI-MS m/z 443[M+H]*
Synthesis of 352

To a mixture 0351 (520 mg, 1.17 mmol), an aqueous 36%
formaldehyde solution (1.95 g, 23.4 mmol) and ethanol (30
ml)-acetic acid (3 ml), a picoline borane complex (751 mg,
7.02 mmol) was added little by little, followed by stirring at
room temperature for 4 hours. The reaction was completed by
adding an aqueous 36% formaldehyde solution (3 g, 27.8
mmol), acetic acid (1 ml) and a picoline borane complex (1.05
g, 9.82 mmol). The reaction solution was made basic with
concentrated ammonia water under ice cooling and then
extracted with ethyl acetate. The extraction liquid was
washed in turn with water and saturated saline, and dried, and
then the solvent was distilled off under reduced pressure. The
residue was purified by silica gel flash column chromatogra-
phy (eluting solvent: ethyl acetate/n-hexane=1/5) to obtain
352 (430 mg, 74%) as a yellow solid.

APCI-MS m/z 499[M+H]*
mp 136-137° C.
Synthesis of THK-5154

A mixture of 352 (300 mg, 0.68 mmol) and 48% HBr (3 ml)
was stirred at room temperature for 10 minutes. The reaction
solution was diluted with water, and the solution was made
basic with concentrated ammonia water and then extracted
with ethyl acetate. The extraction liquid was washed in turn
with water and saturated saline, and dried, and then the sol-
vent was distilled off under reduced pressure. The residue was
washed with ethyl acetate to obtain THK-5154 (220 mg,
84%) as a yellow solid.

mp 154-155° C.
'H NMR (400 MHz, CDCl,) 8 3.06 (6H, s), 3.10 (6H, s),
3.26 (11, brs), 4.24-4.32 (3H, m), 4.51-4.60 (1H, m), 4.64-
4.72 (1H, m), 6.81 (11, d, ]=2.7 Hz), 7.37 (10, dd, J=9.3, 2.7
Hz),7.70 (1H, d, ]=8.8 Hz), 7.98 (1H, d, ]=8.8 Hz), 7.98 (11,
d,1=9.3 Hz), 8.04 (1H, d, I=1.9 Hz), 8.53 (1H, d, J=1.9 Hz).
IR (Nujol) 1618, 1588 cm™!
APCI-MS m/z 385[M+H]*

Synthesis Method of THK-5166
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Synthesis of 373

A mixture of 371 (654 mg, 4 mmol), 372 (1.28 g, 4.8
mmol), 2M sodium carbonate (4 ml, 8 mmol), tetrakistriph-
enylphosphine palladium (231 mg, 0.2 mmol) and 1,2-
dimethoxyethane (7 ml) was stirred under an argon atmo-
sphere at 90° C. for 16 hours. The reaction solution was
allowed to return to room temperature and the solvent was
distilled off. Chloroform was added and insolubles were



US 9,249,101 B2

215

removed by filtration. The chloroform layer of the filtrate was
separated and dried, and then the solvent was distilled off
under reduced pressure. The residue was purified by silica gel
flash column chromatography (eluting solvent: n-hexane,
chloroform/n-hexane=1/4, 2/3, 3/2) and then washed with
n-hexane to obtain 373 (986 mg, 92%) as a pale yellow solid.
APCI-MS m/z 269[M+H]*
Synthesis of 374
To a N,N-dimethylformamide (15 ml) solution of373 (982

5

mg, 3.6 mmol) and 2-methanesulfonylethanol (679 mg, 5.47 10

mmol), 60% NaH (438 mg, 10.9 mmol) was added at room
temperature under stirring, and the mixture was stirred at
room temperature for 2 hours. After the reaction solution was
acidified by adding water and 10% hydrochloric acid water,
the solution was made basic with an aqueous saturated
sodium hydrogen carbonate solution and then extracted with
ethyl acetate. The extraction liquid was washed with saturated
saline and dried, and then the solvent was distilled off under
reduced pressure. The residue was recrystallized from ethyl
acetate/n-hexane to obtain 374 (778 mg, 80%) as pale brown
crystals.

APCI-MS m/z 267[M+H]*
Synthesis of 375

To a mixture 0of 374 (773 mg, 2.9 mmol), 311 (844 mg, 4.0
mmol), triphenylphosphine (1.21 g, 4.6 mmol) and tetrahy-
drofuran (10 ml), a tetrahydrofuran (5 ml) solution of diiso-
propyl azodicarboxylate (936 mg, 4.6 mmol) was added
dropwise under ice cooling and stirring, followed by stirring
at room temperature for 16 hours. The solvent of the reaction
solution was distilled off under reduced pressure, and the
residue was purified by silica gel flash column chromatogra-
phy (eluting solvent: n-hexane, ethyl acetate/n-hexane=1/4)
and then washed with n-hexane to obtain 375 (1.10 g, 83%) as
a colorless solid.

APCI-MS m/z 457[M+H]*
Synthesis of 376

A mixture of 375 (1.09 g, 2.4 mmol), 10% Pd—C (mois-
ture of about 50%; 200 mg), ammonium formate (1.50 g, 24
mmol) and methanol (20 ml)-tetrahydrofuran (10 ml) was
stirred under an argon atmosphere at room temperature for 1
hour. The catalyst was removed by filtration, and the solvent
of'the filtrate was distilled off under reduced pressure. To the
residue, water was added and the solution was extracted from
chloroform. The extraction liquid was dried and solvent was
distilled off under reduced pressure to obtain 376 (1.02 g,
100%) as a yellow oily substance.

APCI-MS m/z 427[M+H]*
Synthesis of 377

To a mixture of 376 (1.02 g, 2.4 mmol), an aqueous 35%
formaldehyde solution (1.0 g, 11.7 mmol) and methanol (20
ml)-acetic acid (2 ml), a picoline borane complex (385 mg,
3.6 mmol) was added little by little under ice cooling and
stirring, followed by stirring at room temperature for 2.5
hours. To the reaction solution, an aqueous 35% formalde-
hyde solution (0.5 g, 5.8 mmol) and a picoline borane com-
plex (260 mg, 2.4 mmol) were added, and the solution was
further stirred at room temperature for 16 hours. The solvent
was distilled off from the reaction solution under reduced
pressure, and an aqueous saturated sodium hydrogen carbon-
ate solution was added to the residue, and then the solution
was extracted with chloroform. The extraction liquid was
dried and the solvent was distilled oft under reduced pressure.
The residue was purified by silica gel flash column chroma-
tography (eluting solvent: n-hexane, ethyl acetate/n-hex-
ane=1/20, 1/12) and then washed with cold n-hexane to
obtain 377 (827 mg, 74%) as a colorless solid.

APCI-MS m/z 455[M+H]*
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Synthesis of THK-5166

A mixture of 377 (802 mg, 1.76 mmol) and 1M tetra-n-
butylammonium fluoride/tetrahydrofuran (5.0 ml, 5.0 mmol)
was stirred at room temperature for 1 hour. The solvent of the
reaction solution was distilled off under reduced pressure.
The residue was purified by silica gel flash column chroma-
tography (eluting solvent: chloroform—chloroform/metha-
nol=50/1), purified by silica gel flash column chromatogra-
phy (eluting solvent: n-hexane—ethyl acetate/n-hexane=1/1,
3/2) and then washed with n-hexane to obtain

THK-5166 (453 mg, 75%) as a pale yellow solid.

mp 81-84° C.

'"H NMR (400 MHz, DMSO-d,) 8 2.86 (6H, s), 4.10-4.20
(3H, m), 4.40-4.70 (2H, m), 5.54 (1H, brs), 7.04 (1H, brd,
J=7.5 Hz), 7.54-7.58 (1H, t like), 7.74-7.78 (1H,t like), 7.83
(1H, dd, J=8.5, 1.8 Hz), 7.87 (1H, d, J=1.8 Hz), 7.97 (1H, d,
J=7.6 Hz), 8.05 (1H, d, J=8.5 Hz), 8.14 (1H, d, J=8.8 Hz),
8.40 (1H, d, J=8.8 Hz)

IR (Nujol) 1595, 1497, 1457, 1436 cm™

APCI-MS m/z 341[M+H]*

Synthesis Method of THK-5167
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Synthesis of 378

To a mixture of 310 (452 mg, 1.54 mmol), 362 (560 mg,
1.55 mmol), triphenylphosphine (630 mg, 2.4 mmol) and
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tetrahydrofuran (20 ml), a tetrahydrofuran (2 ml) solution of
diisopropyl azodicarboxylate (485 mg, 2.4 mmol) was added
dropwise under ice cooling and stirring, followed by stirring
at the same temperature for 20 minutes and further stirred at
room temperature for 16 hours. To the reaction solution, 362
(250 mg, 0.69 mmol), triphenylphosphine (320 mg, 1.27
mmol) and diisopropyl azodicarboxylate (250 mg, 1.24
mmol) were added, and the solution was further stirred at
room temperature for 20 hours. The reaction solution was
purified by NH silica gel flash column chromatography (elut-
ing solvent: ethyl acetate/n-hexane=1/4, 1/3, 1/2, ethyl
acetate, chloroform/methanol=10/1) and then washed with
n-hexane/ethyl acetate to obtain 378 (683 mg, 70%).
mp 135-138° C.

Synthesis 0f 379

A mixture of 378 (700 mg, 1.1 mmol), tetrahydrofuran (15
ml), water (5 ml) and trifluoroacetic acid (10 ml) was stirred
at room temperature for 16 hours. The reaction solution was
diluted with ethyl acetate, and the solution was washed in turn
with an aqueous saturated sodium hydrogen carbonate solu-
tion and saturated saline, and dried and then the solvent was
distilled off under reduced pressure. The residue was purified
by silica gel flash column chromatography (eluting solvent:
ethyl acetate/n-hexane=1/2, 1/1, 2/1) to obtain 379 (490 mg,
85%) as a solid.

mp 156-158° C.

APCI-MS m/z 522[M+H]*

Synthesis of THK-5167

To a methylene chloride (30 ml)-tetrahydrofuran (20 ml)
solution of 379 (480 mg, 0.92 mmol) and 3,4-dihydro-2H-
pyran (1.55 g, 18.4 mmol), paratoluenesulfonic acid mono-
hydrate (200 mg, 1.16 mmol) was added was added, and the
mixture was stirred at room temperature for 78 hours. The
reaction solution was diluted with ethyl acetate (200 ml), and
the solution was washed in turn with an aqueous saturated
sodium hydrogen carbonate solution and saturated saline, and
dried, and then the solvent was distilled off under reduced
pressure. The residue was purified by silica gel flash column
chromatography (eluting solvent: ethyl acetate/n-hexane=1/
2,2/3,1/1)and thenrecrystallized from ethyl acetate to obtain
THK-5167 (380 mg, 68%) as a pale yellow solid.

mp 153-155° C.

'H NMR (400 MHz, CDCl,) § 1.45-1.62 (4H, m), 1.66-
1.84 (2H, m), 2.34,2.35 (3H, each s), 3.21 (3H, s), 3.44-3.55
(3H, m), 3.83, 3.92 (1H, each m), 4.06-4.39 (7H, m), 4.74,
4.83 (1H, each brt), 6.98, 7.00 (1H, each d, J=2.7 Hz), 7.18,
7.19 (1H, each dd, J=9.1, 2.5 Hz), 7.227 (1H, d, ]=8.2 Hz),
7.234 (1H, d, I=8.2 Hz), 7.73, 7.74 (1H, each d, ]=9.4 Hz),
7.75 (1H, brd, 1=8.3 Hz), 7.77 (1H, brd, J=8.3 Hz), 7.836,
7.838 (1H, each d, J=1.8 Hz), 7.95 (1H, d, J=9.4 Hz), 8.00,
8.01 (1H, each d, J=8.8 Hz), 8.486, 8.489 (1H, each d, J=1.8
Hz)

IR (Nujol) 1621, 1598 cm™

APCI-MS m/z 606[M+H]*

Synthesis Methods of THK-5168, THK-5170, THK-5171,
THK-5172, THK-5173, THK-5174, THK-5175, THK-5176,
THK-5179, THK-5181 and THK-5182

Each synthesis method is the same as any one of the above-

mentioned synthesis methods.

EXAMPLE 2

Labeling Synthesis of [**F] THK-5035

18F~ was synthesized by irradiating [**0] H,O having iso-
tope purity of 95 or more with 12 MeV of proton beam
accelerated by Cyclotron HM 12 (manufactured by Sumitomo
Heavy Industries, Ltd.). Subsequently, the solution thereof
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was passed through an anion-exchange resin (AG1-X8)
thereby trapping ‘*F~ on the resin, followed by elution with a
33 mM K, CO, solution. After transferring this aqueous *F~-
containing K,COj solution (200 uL., 3.5 GBq) ina brown vial,
Kryptofix 222 (16 mg) and acetonitrile (1.5 mL) were added
and a He gas was sprayed while heating in an oil bath (110°
C.), and then acetonitrile was completely removed while
azeotropically distilling water. Furthermore, an operation of
adding acetonitrile (1 mL) and removing acetonitrile in the
same manner under heating conditions was repeated, thereby
turning the state inside the vial into a substantially moisture-
free state. A DMSO solution (0.7 mL) containing THK-5039
(4 mg), as a label precursor, dissolved therein was added,
followed by heating and stirring in the oil bath (110° C.) for
10 minutes. Thereafter, the reaction solution was diluted with
distilled water (7 mL) and loaded into a Sep-Pack tC18 car-
tridge (manufactured by Waters) and, after washing the car-
tridge with distilled water, the crude product was eluted with
ethanol. A portion of the ethanol solution was diluted with
distilled water and subjected to semi-preparative high-perfor-
mance liquid chromatography (column: YMC-Pack Pro C18
RS (10x250 mm), mobile phase: MeCN/20 mM
NaH,PO,=60/40, flow rate: 5.0 mL./min) and then ['®F]
THK-5035-derived radioactive peak (121 MBq, no decay
correction), which is eluted within about 14 to 15 minutes,
was dispensed. After the fraction was diluted with distilled
water, ['*F] THK-5035 was subjected to solid-phase extrac-
tion using a Sep-Pak tC18 cartridge and then eluted with
ethanol. In an autoradiography test, the ethanol solution was
used after appropriately being diluted. In a biodistribution
test, Polysorbate 80 was added to the ethanol solution and,
after distilling off ethanol by an evaporator ethanol, a radio-
active residue containing [**F] THK-5035 in the flask was
dissolved in physiological saline and then used as an injection
in a brain migration evaluation test.

Staining Test on Compounds of the Present Invention on
Brain Section of Alzheimer’s Disease Patients

The procedure of staining test on the compounds of the
present invention on the brain section of Alzheimer’s disease
patients is described below:

(1) We used the brain specimens of the temporal lobe or
hippocampus from patients who were definitely diagnosed as
having Alzheimer’s disease pathology. The specimens were
obtained from Choju Medical Institute, Fukushimura Hospi-
tal, our collaborating research institute, and the consent for
use for research purposes was obtained from the patients’
bereaved family (Fukushimura Hospital, Ethics Committee
Approval No. 20).

(2) The paraffin-embedded brain tissue was sliced to 6 or 8
um thickness, extended on a slide glass, and dried. The par-
affinized brain section was deparaffinized by washing with
xylene for 10 minutesx2, 100% ethanol for 5 minutesx2, 90%
ethanol for 5 minutes, and running water for 10 minutes in this
order.

(3) As a pretreatment for staining with the compounds of
the present invention, the treatment to remove autofluores-
cence with lipofuscin was performed. First, the paraffinized
brain section was immersed in 0.25% KM, O, solution for 20
minutes. It was washed with PBS for 2 minutes twice,
immersedina 0.1% K,S,0O4/oxalic acid solution for approxi-
mately 5 minutes, and further washed with PBS for 2 minutes
3 times.

(4) From 100 uM solution of the compounds of the present
invention dissolved in 50% ethanol, approximately 150 pl
was dropped on the section to react for 10 minutes. After
being immersed in tap water 5 times, it was mounted with
Flour Save Reagent (Calbiochem) and examined with a fluo-
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rescence microscope (Nikon, ECLIPSE 80i). The images
were taken with a digital camera (Nikon, Dxin1200F or Pho-
tometrics, Cool SNAP ES).

The results of above mentioned staining test on the com-
pounds of the present invention are illustrated in FIGS. 5 to
20. It was found that all of THK-5035, THK-5038, THK-
5058, THK-5064, THK-5065, THK-5066, THK-5071, THK-
5077, THK-5078, THK-5079, THK-5080, THK-5081, THK-
5082, THK-5087, THK-5088, THK-5089, THK-5091, THK-
5092, THK-5097, THK-5098, THK-5059, THK-5075, THK-
5076, THK-5086, THK-5100, THK-5105, THK-5106, THK-
5107, THK-5112, THK-5116, THK-5117, and THK-932
bind to neurofibrillary tangles specifically and selectively in
the brain section of Alzheimer’s disease patients, and that the
compound of Formula (I) of the present invention has high
specificity to tau (FIGS. 5 to 20).

The results of above mentioned staining test on the com-
pounds of the present invention are illustrated in FIGS. 25 to
29. It was found that all of THK-5136, THK-5153, THK-
5157, THK-5128, THK-5147, THK-5155, THK-5156, THK-
5164, and THK-5154 bind to neurofibrillary tangles specifi-
cally and selectively in the brain section of Alzheimer’s
disease patients, and that the compound of Formula (I) of the
present invention has high specificity to tau (FIGS. 25 to 29).
Autoradiography Test

After the paraffin-embedded brain section of Alzheimer’s
disease patients was deparaffinized, it was immersed in PBS
for 10 minutes. Approximately 400 uCi/ml of ['*F] BF-227
and [*®F] THK-5035 were dropped on the section to react for
10 minutes at room temperature. It was immersed in distilled
water for 2 minutes, shaken in 50% EtOH lightly for 2 min-
utes, immersed again in distilled water for 2 minutes, and
dried in a paraffin extension device. The section was con-
tacted on an imaging plate and settled overnight, and the next
day, the images were read with a BAS5000 (Fyjifilm Corpo-
ration). Furthermore, the serial section was immunostained
with thioflavine-S staining and anti-tau antibody (AT8).

FIG. 21 illustrates the autoradiography images of [*®F]
BF-227 and ['®F] THK-5035, the thioflavine-S (TF-S) stain-
ing images in the serial section, and the anti-tau antibody
(Tau) staining. In the autoradiography images, the region
where ['*F] THK-5035 was accumulated (region enclosed
with rectangles) showed no accumulation of [*®F] BF-227
showing high affinity to amyloid p. In the region, abundant
anti-tau antibody immunostaining positive structures were
also observed. From the morphological images in the thiofla-
vine-S staining images, which stain neurofibrillary tangles, it
is strongly suggested that the structures observed in the region
are neurofibrillary tangles. From the above results, it was
confirmed that [**F] THK-5035 shows higher affinity to neu-
rofibrillary tangles (tau protein) than to amyloid f3.
Evaluation of Mouse Brain Transition of Labeled Com-
pounds

The physiologic saline containing [**F] THK-5035 was
administered to the caudate vein of male ICR mice (6-7 week
old). By considering the accumulation of radioactivity in the
brain tissue and plasma tissue 2 minutes after administration,
we evaluated the brain uptake of labeled compounds.

In the evaluation of radioactive accumulation, the ratio of
radioactivity per unit weight of the tissue to be evaluated to all
administered radioactivity (% Injected Dose/g of tissue; %
1D/g) was used as index. For measurement of radioactivity, a
gamma counter (1480 WIZARD, PerkinElmer, Inc.) was
used. In the test, the labeled compounds were administered to
the caudate vein, and 2 minutes later, cervical dislocation was
performed to the mice under etherization. Then, immediately
blood was collected from the heart, and the whole brain
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(including the cerebellum and brainstem) was extirpated.

After then, the radioactivity and tissue weight of each sample

were measured, and the data was used to calculate the % ID/g.
Table 3 illustrates the results of this evaluation test.

TABLE 3

% ID/g or ml after 2 minutes (mean = SD)

6.01 £0.54
2.20£0.26

Brain
Plasma

['8F] THK-5035

The value 0f 0.5% ID/g or more is considered to be enough
to indicate the brain transition of labeled compounds for PET
or SPECT targeting to the central nervous system. From that
viewpoint, it was found that the [*®F] labeled compounds of
the formula (I) of the present invention are ['®F] labeled
compounds having extremely high brain uptake.

Synthesis of Label, [*®F] THK-5105

[*®0]-H,O with an isotope purity of 98% or higher was
irradiated witha 12 MeV proton beam, which was accelerated
by a cyclotron HM 12 (Sumitomo Heavy Industries, [.td.), to
produce '®F~. Subsequently, the resulting solution was
passed through an anion-exchange resin (AG 1-X8) to cap-
ture the '®F~ on the resin, which was eluted with a 33 mM
solution of K,COj. Into an amber vial was placed 200 pulL of
the '®F~-containing aqueous K,CO, solution (3.13 GBq), and
Kryptofix 222 (16 mg) and acetonitrile (2.3 mL) were added.
He gas was sprayed while the vial was heated in an oil bath
(110° C.), so as to remove completely the acetonitrile with
azeotropic evaporation of water. Another acetonitrile (1.5
ml.) was added, and the acetonitrile was removed under heat-
ing, in a similar way. These procedures were repeated twice to
make the inside of the vial anhydrous. To the vial was added
a DMSO solution (0.70 mL) of a label precursor THK-5121
(3.0 mg), and the mixture was heated and stirred for 10
minutes in an oil bath (110° C.). After that, hydrochloric acid
(2M, 0.2 mlL) was added to the reaction solution and an
additional reaction was carried out at 110° C. for 3 minutes.
Then, the reaction solution was diluted with a potassium
acetate solution (4M, 0.1 mL) and distilled water (7.0 mL),
and loaded on a Sep-Pak tC18 cartridge (Waters), which was
then washed with distilled water, followed by elution of crude
product with ethanol. An ethanol-eluted fraction with the
highest radioactivity was diluted with distilled water and
subjected to semi-preparative high performance liquid chro-
matography using an Inertsil ODS-4 column (10x250 mm), a
mobile phase of MeCN/NaH,PO, (20 mM) (50/50), and a
flow rate of 5.0 mL/min. A radioactive peak of [**F] THK-
5105, which was eluted at about 18.5 minutes (988 MBq,
decay uncorrected), was collected. Analysis of the collected
sample revealed a radiochemical purity of 98% or more and a
specific radioactivity of 137 GBg/umol (on analysis).

The preparative HPLC fraction of ['*F] THK-5105, which
was synthesized according to the synthesis procedure
described above, was diluted with distilled water, and then
subjected to solid-phase extraction using a Sep-Pak tC18
cartridge, followed by elution with ethanol or DMSO and
appropriate dilution, and used in binding tests and autorad-
iography experiments. For experiments on its in vivo distri-
bution (evaluation of its brain delivery), Polysorbate 80 was
added to the ethanol-eluted fraction, from which the ethanol
was removed using an evaporator. The ['®*F] THK-5105 con-
taining radioactive residue within the flask was dissolved in
physiological saline and the solution prepared was used as a
solution for injection.
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Synthesis of Label, [*®F] THK-5117

[*®F] THK-5117 was synthesized according to the above-
described method for synthesis of label, [**F] THK-5105. In
the synthesis of [*®F] THK-5117, the synthesis was carried
out using 500 uL of a **F~-containing aqueous K,CO; solu-
tion (3.10 GBq), 3.0 mg of a label precursor THK-5119, and
MeCN/NaH,PO, (20 mM) (45/55) as the mobile phase in the
semi-preparative high performance liquid chromatography,
and was able to give 770 MBq of [**F] THK-5117 (decay
uncorrected). As in ['*F] THK-5105, a solution for injection
was prepared and used in experiments for the evaluation of'its
brain delivery.

Synthesis of Label, [*®F] THK-5125

[*®F] THK-5125 was synthesized according to the above-
described method for synthesis of label, [**F] THK-5105. In
the synthesis of ['*F] THK-5125, the synthesis was carried
out using 200 uL of a *®F~-containing aqueous K,COj, solu-
tion (3.14 GBq), 3.3 mg of a label precursor THK-5131, and
MeCN/NaH,PO, (20 mM) (45/55) as the mobile phase in the
semi-preparative high performance liquid chromatography,
and was able to give 1.36 GBq of [**F] THK-5125 (decay
uncorrected). As in ['*F] THK-5105, a solution for injection
was prepared and used in experiments for the evaluation of'its
brain delivery.

Synthesis of Label, [*®F] FDDNP

Into an amber vial was placed 300 uL of a **F~-containing
aqueous K,COj; solution (3.87 GBq), which was prepared in
a similar way as in [**F] THK-5103, and Kryptofix 222 (16
mg) and acetonitrile (2.3 ml.) were added. He gas was
sprayed while the vial was heated in an oil bath (110° C.), so
as to remove completely the acetonitrile with azeotropic
evaporation of water. More acetonitrile was added, and the
acetonitrile was removed under heating, in a similar way.
These procedures were repeated three times to make the
inside of the vial anhydrous. To the vial was added an aceto-
nitrile solution (0.70 mL) of a label precursor (2.7 mg), which
has a tosyl group as a leaving group attached at the position of
the fluorine in FDDNP (Jie Liu et al., Molecular Imaging and
Biology (2007),vol. 9, pp. 6-16). The mixture was heated and
stirred for 10 minutes in an oil bath (110° C.), in an unsealed
state and with addition of 0.1 mL of acetonitrile every other
minute. After that, the reaction solution was air cooled,
diluted with distilled water (7.0 mL.), and loaded on a Sep-Pak
tC18 cartridge (Waters), which was then washed with dis-
tilled water, followed by elution of the crude product with
ethanol. An ethanol-eluted fraction with the highest radioac-
tivity was diluted with distilled water and subjected to semi-
preparative high performance liquid chromatography using
an Inertsil ODS-4 column (10x250 mm), a mobile phase of
MeCN/NaH,PO, (20 mM) (60/40), and a tlow rate of 5.0
mL/min. A radioactive peak of [**F] FDDNP, which was
eluted at about 19.5 minutes (814 MBq, decay uncorrected),
was collected. As in ['®F] THK-5105, a solution for injection
was prepared and used in experiments for the evaluation of'its
brain delivery.

Evaluation of Brain Delivery Of [**F] THK-5105, [*®F]
THK-5117, and ['®F] THK-5125 in Mice

A physiological saline solution containing [**F] THK-
5105, [**F]THK-5117, or [*®F] THK-5125 was administered
into the tail vein of male ICR mice (6 to 7 weeks old), and
brain delivery of these label compounds was assessed from
the accumulation of radioactivity in brain and plasma tissues
at two minutes post-injection.

As an index in the evaluation of radioactive accumulation,
use was made of the percentage of radioactivity per unit
weight of brain relative to the total radioactivity administered
(% Injected Dose/g of tissue; % ID/g). For measurement of
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radioactivity, a gamma counter (1480 WIZARD, Perkin
Elmer) was used. Experimental procedures were as follows.
A label compound was administered into the tail vein of mice.
Two minutes later, each mouse was subjected to cervical
dislocation under ether anesthesia, and the whole brain,
including the cerebellum and brain stem, was isolated imme-
diately. The radioactivity and tissue weight of the sample
were measured, and their data were used to calculate a % ID/g
values for the labeled compound.

Table 4 shows % ID/g values at 2 minutes and at 60 minutes
post-administration, and values of the % ID/g values at 2
minutes post-administration divided by those at 60 minutes
post-administration. Labeled probes which target an intended
histopathology in the brain, need to be incorporated rapidly
into the brain and to be rapidly washed out from histopatholo-
gies that are not their intended histopathology. [**F] THK-
5105, ['®F] THK-5117 and [ '®F] THK-5125 exhibited a suf-
ficient intracerebral content at 2 minutes post-administration,
and the quotients of their intracerebral contents at 2 minutes
post-administration and 60 minutes post-administration were
greater than those for ['*F] BAY94-9172 and ['®F] AV-45,
which are known as amyloid imaging probes, and that for
['*F] FDDNP. Form these results, it turned out that [*F]
THK-5105, ['®*F] THK-5117, and ['®F] THK-5125 were
superior in being delivered to and washed out from the brain.
(The data of [*®F] BAY94-9172 was taken from Zhang et al.,
Nuclear Medicine and Biology, 32, 799-809, 2005, and the
data of [**F] AV-45 from Choi et al., ] Nucl Med, 50, 1887-
1894, 2009.)

TABLE 4
2 minutes post-
% ID/g administration/
2 minutes post- 60 minutes post- 60 minutes post-
administration administration administration
[‘®F]FDDNP 6.23 2.14 291
['FIBAY94- 7.77 1.61 4.83
9172
['8F]AV-45 7.33 1.88 3.90
[*®F]THK-5105 9.20 1.00 9.20
['8F]THK-5117 6.06 0.26 23.3
['8F]THK-5125 7.82 0.61 12.8

Autoradiography Experiments Using ['*F] THK-5105, [*®F]
THK-5117, and ['®F] THK-5125

Paraffin-embedded sections of the brain from an Alzhe-
imer’s disease patient were deparaffinized, and then
immersed in PBS for 10 minutes. Approximately 400 nCi/ml
ofeach of [ ®F] THK-5105, ['®F] THK-5117, and [**F] THK-
5125 was added dropwise to deparaffinized sections and
allowed to react for 10 minutes at room temperature. After
that, the sections were immersed in distilled water for 2
minutes, shaken lightly in 50% EtOH for 2 minutes,
immersed again in distilled water for 2 minutes, and dried in
a paraffin stretching device. The section was left overnight in
contact with an imaging plate. Next day, the image was read
witha BAS 5000 (Fujifilm Corporation). In addition, adjacent
sections were immunostained with anti-phosphorylated tau
antibody (ATS).

FIG. 22 shows an image of [**F] THK-5105 autoradiogra-
phy of a section of the hippocampus and images of unlabeled
THK-5105 staining and of anti-phosphorylated tau antibody
(AT8) staining of its adjacent sections. In the autoradiography
image, areas where the accumulation of ['*F] THK-5105 was
observed were found abundant in structures which were posi-
tive (for pTau) by immunostaining with the anti-phosphory-
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lated tau antibody. Also in their respective higher magnifica-
tion images, the ['®F] THK-5105 autoradiography image
corresponded well with the image of immunostaining with
the anti-phosphorylated tau antibody, and further, the image
of' unlabeled THK-5105 staining corresponded well with the
image of immunostaining with the anti-phosphorylated tau
antibody, including their morphological images.

FIG. 23 shows images of ['*F] THK-5105, ['*F] THK-
5117, and [*®F] THK-5125 autoradiography of sections of the
lateral temporal cortex and of the medial temporal cortex.
[*®F] THK-5105, [*®F] THK-5117, and ['®*F] THK-5125
were observed to be accumulated in the lateral temporal cor-
tex and medial temporal cortex, which are known as areas
where tau production occurs late in Alzheimer’s disease.

From these results, it was ascertained that [1*F] THK-5105,
[*®F] THK-5117, and [*®F] THK-5125 have high affinity to
neurofibrillary tangles (tau protein).

Evaluation of binding to Tau Protein Aggregates

Regarding the binding of tau imaging probes to tau protein
aggregates, a binding test was carried out and evaluated using
a K18-AK280 construct which contained a 4-repeat structure
involved in the formation of beta-sheet structures in the
htau40 protein. For K18-AK280 (Martin von Bergen et al.,
THE JOURNAL OF BIOLOGICAL CHEMISTRY (2001),
vol. 276, pp. 48165-48174; M. Goedert et al., NEURON
(1989), vol. 3, pp. 519-526), an artificial gene fragment which
was prepared based on its amino acid sequence was cloned
into a pET-3a vector, the resulting plasmid was used to trans-
form Escherichia coli BL21 (DE3) competent cells for pro-
tein expression, and the recombinant Escherichia coli cell
was cultured to express K18-AK280. The K18-AK280
expressed was purified according to the method described in
the literature (Stefan Barghorn et al., Methods in Molecular
Biology, vol. 299, pp. 35-51). In the binding test, aggregates
of the purified K18-AK280 were made and used.

K18-AK280 aggregates were made by preparing 20 uM
PBS (pH 7.4) and incubating the K18-AK280 in the PBS at
37° C. for 4 days. The state where beta-sheet structures in
K18-AK280 aggregates were formed was ascertained by
thioflavin S fluorescence binding test. The aggregates solu-
tion was diluted to 400 nM in assay buffer (PBS, 0.1% BSA)
and used in the binding test.

Saturation Binding Test of THK-5105

In the binding test of [®F] THK-5103, reaction solutions
were prepared such that K18-AK280 aggregates was at a final
concentration of 200 nM in the reaction system and [*®F]
THK-5105 was at final concentrations of from 0.1 to 100 nM,
and incubated at room temperature for one hour. After the
incubation, [**F] THK-5105 binding to K18-AK280 aggre-
gates and THK-5105 not binding to K18-AK280 aggregates
were separated using a MultiScreen HTS filter plate (96
wells, Millipore Corporation) and the filter was washed with
assay buffer (200 pL, 3 times). The total binding of ['*F]
THK-5105 to K18-AK280 aggregates was calculated from
the radioactivity of the filter which was measured on a gamma
counter (AccuFLEX y7000, Aloka). Non-specific binding
was determined by adding unlabeled THK-5105 (at a final
concentration of 2 M) to the reaction system and performing
experiments in a similar way. The data of the total binding and
the non-specific binding were used and analyzed using an
analysis software GraphPad prism (Ver. 5), which gave a low
value of dissociation constant Kd of 3.9 nM, indicating that
THK-5105 displayed a high binding affinity to K18-AK280
aggregates.
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Competitive Binding Test Using [*®F] THK-5105 as Radio-
active Competitor

For tau imaging probes other than THK-5105, binding to
K18-AK280 aggregates was evaluated with a competitive
binding test using [**F] THK-5105 as a radioactive competi-
tor. In the binding test, ['*F] THK-5105 (at a final concentra-
tion of 1.76 nM) and a tested compound (at final concentra-
tions of from 0.1 to 1000 nM) coexisted in the reaction
system, to which K18-AK280 aggregates (at a final concen-
tration of 200 nM) was then added and the mixtures were
incubated at room temperature for one hour. The radioactivity
of [*®F] THK-5105 binding to the aggregates was determined
in a similar way as in the saturation binding test of THK-5105.
The percentage of [**F] THK-5105 bonding in the absence of
each tested compound was set to be 100%, and percentages of
[*®F] THK-5105 bonding at various concentrations of each of
the tested compounds were determined. From these data, the
inhibition constants (Kis) of the respective tested compounds
were calculated using an analysis software GraphPad prism
(Ver. 5). The results are shown in Table 5 and FI1G. 24. Any of
the tested compounds displayed a high binding affinity to
K18-AK280 aggregates.

TABLE 5
Ki (nM)

THK-5116 36.0
THK-5117 10.5
THK-5122 349
THK-5125 9.2
THK-5129 214
THK-5151 40.1
THK-523 (reference for comparison) 59.3
FDDNP (reference for comparison) 256

Industrial Applicability

The compounds of the present invention are very useful,
for example, in early detection, treatment and prevention of
neurofibrillary tangles including Alzheimer’s disease, and
can be utilized in the fields of the production of diagnostic
agents and diagnostic kits for these diseases, the fields of the
production of remedies and preventatives for these diseases,
studies of these diseases and the like.

The invention claimed is:
1. A compound of the formula (I):
®) 08)
173
XK
<R2>m—: J\
=
Z A—R!
wherein
Ais
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-continued
\

R! is halogen, a —C(=0)-lower alkyl group (the alkyl
group each independently may be substituted with one
or more substituents selected from NR®R?, halogen and
a hydroxy group), a lower alkyl group (the alkyl group
each independently may be substituted with one or more
substituents selected from halogen and a hydroxy
group), a —O-lower alkyl group (the alkyl group each
independently may be substituted with one or more sub-
stituents selected from halogen and a hydroxy group), or

-
g

RS

in which

R*and R® each independently represents hydrogen, a lower
alkyl group or a cycloalkyl group, or R*, R and the
nitrogen atom to which they are attached are taken
together to form a 3- to 8-membered nitrogen-contain-
ing aliphatic ring (one or more carbon atoms constitut-
ing the nitrogen-containing aliphatic ring may be sub-
stituted with a nitrogen atom, a sulfur atom or an oxygen
atom, and when a carbon atom is substituted with a
nitrogen atom, the nitrogen atom may be substituted
with a lower alkyl group),

or R*and the nitrogen atom to which it is attached are taken
together with ring A to form a 8- to 1 6-membered
nitrogen-containing fused bicyclic ring (one or more
carbon atoms constituting the nitrogen-containing fused
bicyclic ring may be substituted with a nitrogen atom, a
sulfur atom or an oxygen atom, and when a carbon atom
is substituted with a nitrogen atom, the nitrogen atom
may be substituted with a lower alkyl group) and R®
represents hydrogen, a lower alkyl group or a cycloalkyl
group,

in which the line, that the dotted line intersects, means a
bond of the above general formula to the other structural
moiety,

R? or R? each independently represents halogen, OH,
COOH, SO.H, NO,, SH, NRaR?, a lower alkyl group
(the alkyl group each independently may be substituted
with one or more substituents selected from halogen and
a hydroxy group) or a —O-lower alkyl group (the alkyl
group each independently may be substituted with at
least two substituents selected from halogen and a
hydroxy group), ring A is unsubstituted, or substituted
with R® (in which R° is one or more substituents selected
independently from halogen, OH, COOH, SO,H, NO,,
SH, NRaR?, a lower alkyl group (the alkyl group each
independently may be substituted with one or more sub-
stituents selected from halogen and a hydroxy group)
and a—O-lower alkyl group (the alkyl group each inde-
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pendently may be substituted with at least two substitu-
ents selected from halogen and a hydroxy group,

R and R® each independently represents hydrogen or a
lower alkyl group (the alkyl group each independently
may be substituted with one or more substituents
selected from halogen and a hydroxy group),

m is an integer of 0 to 4,

n is an integer of 0 to 4 such that when m is O and n is 0, ring
A is substituted with R® ,

wherein at least one of R% R® and R is a —O-lower alkyl
group substituted with one hydroxy group and one halo-
gen wherein at least one of R?, R® and R* is —O-lower
alkyl group in the range of C1 to C5,

or a pharmaceutically acceptable salt or solvate thereof.

2. The compound according to claim 1, wherein R' is

halogen, a—C(—0)-lower alkyl group (the alkyl group each
independently may be substituted with NH,), a lower alkyl
group (the alkyl group each independently may be substituted
with a hydroxy group), —O-lower alkyl group, or

R4
SN
PN
RS
in which
R* and R® each independently represents hydrogen or a

lower alkyl group, or a pharmaceutically acceptable salt
or solvate thereof.
3. The compound according to claim 1, wherein at least one
of R%, R? and R® is represented by:

F F
HO 0—, HO . or

HO o—

or a pharmaceutically acceptable salt or solvate thereof.

4. The compound according to claim 1, wherein at least one
of R?, R? and R® is NR“R”, and R* and R? each independently
represents hydrogen or an unsubstituted lower alkyl group, or
a pharmaceutically acceptable salt or solvate thereof.

5. The compound according to claim 1, wherein the com-
pound is labeled, or a pharmaceutically acceptable salt or
solvate thereof.

6. A pharmaceutical composition comprising the com-
pound according to claim 1, or a pharmaceutically acceptable
salt or solvate thereof.

7. A composition for the diagnosis of a conformational
disease, comprising the compound according to claim 1, ora
pharmaceutically acceptable salt or solvate thereof, wherein
the conformational disease is selected from the group con-
sisting of Alzheimer’s disease, prion disease, dementia with
Lewy bodies, Parkinson’s disease, Huntington’s disease, spi-
nal and bulbar atrophy, dentate-rubro-pallido-luysian atro-
phy, Spinocerebellar Degeneration, Machado-Joseph Dis-
ease, Amyophic Lateral Sclerosis (ALS), Down’s syndrome,
Pick’s disease, FTDP-17 (Frontotemporal Dementia and Par-
kinsonism linked to Chromosome 17), LNTD (Limbic Neu-
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rofibrillary tangles Demetia), Sudanophiloc Leukodystrophy,
progressive supranuclear palsy (PSP) and amyloidosis.

8. A kit for the diagnosis of a conformational disease, or
detecting or staining a beta-sheet structure protein compris-
ing the compound according to claim 1, or a pharmaceutically
acceptable salt or solvate thereof as an essential ingredient,
wherein the conformational disease is selected from the
group consisting of Alzheimer’s disease, prion disease,
dementia with Lewy bodies, Parkinson’s disease, Hunting-
ton’s disease, spinal and bulbar atrophy, dentate-rubro-pal-
lido-luysian  atrophy, Spinocerebellar — Degeneration,
Machado-Joseph Disease, Amyophic Lateral Sclerosis
(ALS), Down’s syndrome, Pick’s disease, FTDP-17 (Fron-
totemporal Dementia and Parkinsonism linked to Chromo-
some 17), LNTD (Limbic Neurofibrillary tangles Demetia),
Sudanophiloc Leukodystrophy, progressive supranuclear
palsy (PSP) and amyloidosis.

9. A compound of the formula (I'):

9]

®*m
xr A4

(RZ)m_: j\
Z

S A —R!
wherein
Ais

R! is halogen, a —C(=0)-lower alkyl group (the alkyl
group each independently may be substituted with one
or more substituents selected from NR®R?, halogen and
a hydroxy group), a lower alkyl group (the alkyl group
each independently may be substituted with one or more
substituents selected from halogen and a hydroxy
group), a —O-lower alkyl group (the alkyl group each
independently may be substituted with one or more sub-
stituents selected from halogen and a hydroxy group), or

in which
R*and R’ each independently represents hydrogen, alower
alkyl group or a cycloalkyl group, or R*, R® and the
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nitrogen atom to which they are attached are taken
together to form a 3- to 8-membered nitrogen-contain-
ing aliphatic ring (one or more carbon atoms constitut-
ing the nitrogen-containing aliphatic ring may be sub-
stituted with a nitrogen atom, a sulfur atom or an oxygen
atom, and when a carbon atom is substituted with a
nitrogen atom, the nitrogen atom may be substituted
with a lower alkyl group),

or R* and the nitrogen atom to which it is attached are taken
together with ring A to form a 8- to 16-membered nitro-
gen-containing fused bicyclic ring (one or more carbon
atoms constituting the nitrogen-containing fused bicy-
clic ring may be substituted with a nitrogen atom, a
sulfur atom or an oxygen atom, and when a carbon atom
is substituted with a nitrogen atom, the nitrogen atom
may be substituted with a lower alkyl group) and R’
represents hydrogen, a lower alkyl group or a cycloalkyl
group, in which the line, that the dotted line intersects,
means a bond of the above general formula to the other
structural moiety,

R? or R? each independently may be substituted with halo-
gen, OH, COOH, SO,H, NO,,, SH, NR“R?, a lower alkyl
group (the lower alkyl group each independently may be
substituted with one or more substituents selected from
a p-toluenesulfonyloxy group, a methanesulfonyloxy
group, a triffuoromethanesulfonyloxy group or a 2-tet-
rahydropyranyloxy halogen and a hydroxy group) or a
—O-lower alkyl group (the lower alkyl group is substi-
tuted with a p-toluenesulfonyloxy group, a methane-
sulfonyloxy group, triffuoromethanesulfonyloxy group
or a 2-tetrahydropyranyloxy, and also may be substi-
tuted with-a halogen and a hydroxy group),

ring A is unsubstituted or substituted with RS (in which R®
is one or more substituents selected independently from
halogen, OH, COOH, SO,H, NO,, SH, NR“R®, a lower
alkyl group (the lower alkyl group each independently
may be substituted with one or more substituents
selected from a p-toluenesulfonyloxy group, a methane-
sulfonyloxy group, a trifluoromethanesulfonyloxy
group or a 2-tetrahydropyranyloxy, halogen and a
hydroxy group) and an —O-lower alkyl group (the
lower alkyl group each independently may be substi-
tuted with one or more substituents selected from a
p-toluenesulfonyloxy group, a methanesulfonyloxy
group, a triffuoromethanesulfonyloxy group or a 2-tet-
rahydropyranyloxy, halogen and a hydroxy group)),

R“ and R? independently represents hydrogen or a lower
alkyl group (the alkyl group and the lower alkyl group
each independently may be substituted with one or more
substituents selected from a p-toluenesulfonyloxy
group, a methanesulfonyloxy group, a trifluo-
romethanesulfonyloxy group or a 2-tetrahydropyrany-
loxy, halogen and a hydroxy group),

m is an integer of 0 to 4, and

n is an integer of 0 to 4 such that when m is O and n is 0, ring
A is substituted with RS,

provided that at least one of R*, R® and RS represents an
—O-lower alkyl group in the range of C1 to C5 (the
lower alkyl group is substituted with a p-toluenesulfo-
nyloxy group (tosyloxy group, TsO), a methanesulfony-
loxy group, a trifluoromethanesulfonyloxy group or a
2-tetrahydropyranyloxy (OTHP), and may also be sub-
stituted with one or more substituents selected from
halogen and a hydroxy group), wherein at least one of
R?, R? and R® is an -O- lower alkyl group in the range of
C1 to CS5, or a pharmaceutically acceptable salt or sol-
vate thereof.
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10. The compound according to claim 9, wherein at least
one of R?, R? and RS is a group of the formula:

TsO TsO
HO 0O—-> HO »
TsO OTs

HO O— or o0— -

OTHP

11. A kit for producing the labeled compound according to
claim 5, or a pharmaceutically acceptable salt or solvate
thereof, said kit comprising:

the compound according to claim 9, or a pharmaceutically

acceptable salt or solvate thereof,

a labeling agent, and

optionally, instructions for carrying out labeling.

12. A compound of the formula (I"):

@

®R¥m
XK
(R2>m—: J\
&
Ay A—R!
wherein
Ais

R'is

in which R* and R® each independently represents hydrogen,
a lower alkyl group,

R? or R? each independently represents a —O-lower alkyl
group (the alkyl group each independently may be sub-
stituted with at least two substituents selected from halo-
gen and a hydroxy group), ring A is unsubstituted, or
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substituted with RS (in which RS is one or more substitu-
ents selected independently from a —O-lower alkyl
group (the alkyl group each independently may be sub-
stituted with at least two substituents selected from halo-
gen and a hydroxy group)),
m is an integer of 0 to 4,
n is an integer of 0 to 4 such that when m is O and n is 0, ring
A is substituted with RS,

wherein R?, R® and R® each represents a —O-lower alkyl
group in the range of C1 C5 substituted with one
hydroxy group and one halogen, wherein at least one of
R?, R? and R® is an -O- lower alkyl group in the range of
Clto Cs3,

or a pharmaceutically acceptable salt or solvate thereof.

13. The compound according to claim 12, wherein the
compound is labeled, or a pharmaceutically acceptable salt or
solvate thereof.

14. A pharmaceutical composition comprising the com-
pound according to claim 12, or a pharmaceutically accept-
able salt or solvate thereof.

15. A composition for the diagnosis of a conformational
disease, comprising the compound according to claim 12, or
apharmaceutically acceptable salt or solvate thereof, wherein
the conformational disease is selected from the group con-
sisting of Alzheimer’s disease, prion disease, dementia with
Lewy bodies, Parkinson’s disease, Huntington’s disease, spi-
nal and bulbar atrophy, dentate-rubro-pallido-luysian atro-
phy, Spinocerebellar Degeneration, Machado-Joseph Dis-
ease, Amyophic Lateral Sclerosis (ALS), Down’s syndrome,
Pick’s disease, FTDP-17 (Frontotemporal Dementia and Par-
kinsonism linked to Chromosome 17), LNTD (Limbic Neu-
rofibrillary tangles Demetia), Sudanophiloc Leukodystrophy,
progressive supranuclear palsy (PSP) and amyloidosis. phar-
maceutically acceptable salt or solvate thereof.

16. A kit for the diagnosis of a conformational disease, or
detecting or staining a beta-sheet structure protein compris-
ing the compound according to claim 12, or a pharmaceuti-
cally acceptable salt or solvate thereof as an essential ingre-
dient, wherein the conformational disease is selected from the
group consisting of Alzheimer’s disease, prion disease,
dementia with Lewy bodies, Parkinson’s disease, Hunting-
ton’s disease, spinal and bulbar atrophy, dentate-rubro-pal-
lido-luysian  atrophy, Spinocerebellar — Degeneration,
Machado-Joseph Disease, Amyophic Lateral Sclerosis
(ALS), Down’s syndrome, Pick’s disease, FTDP-17 (Fron-
totemporal Dementia and Parkinsonism linked to Chromo-
some 17), LNTD (Limbic Neurofibrillary tangles Demetia),
Sudanophiloc Leukodystrophy, progressive supranuclear
palsy (PSP) and amyloidosis.

17. The compound according to claim 12, wherein the
compound comprises:

OH

Y

\

CH;.



